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PREFACE 

TO THE TWENTY-FOURTH EDITION 

(« this edition, a chapter dealing- wUh the Atotnlc Struciwre 
of Minerals has been added and certain minor amendments 
and adjustments carried out. In the Description of Minerals, 
the ori^nai order has been followed except within the 
Silicon Minerals, where a rearrangement has been made to 
conform with the X-ray structural basis. For the prepara¬ 
tion of the new chapter and for much other help, I have to 
thank my friend, Mr. F. G. H. Blyth, 


H. H. RE.-\D. 


lupeaiM. College, S.W.T, 

Wafch, 1347. 


PREFACE 

TO THE TWEWTY-THJRD EDITION 


It is now over nvcniy years since my first revision of the 
late Frank Rutlcy^s Mitierulogy was pubilsiieci. 

in the jnlerveiiiji^ years, modi&catians m the several editions 
that have apfnared have been limited to revision of the 
statistical data relating' to mineral production. For this 
present twcnty^-lhirfl edition^ hoivevcr, the book lias been 
entirely reset and, as a consequence, I have been free to re¬ 
write and re-arrange the whole subject-matter. 

The major changes are the followiiig. In Part 1^ the 
chapters on Crystallography and Optical Properties of 
Minerals have been completely re-written and enlarged, and 
many new figiires have been incorporated in ihe text. The 
treatment of Crystallography is still a geometrical one, a 
treatment considered to be best for determinative purposes. 
The standard of ^he chapter on Mineral Optics h perhaps 
rather beyond the clemenlary stage^ but throughout the 
practical aspects have been stressed. 1 have incorporated in 
Part Jp aJso, a chapter on the Occurrence of Minerals which 
contains, among other information, that given iti the 
Glossary in previous editions. 

In Part 11^ the Description of Mineralsp a new grouping 
of the minerals has been adopted. I have used a combined 
economic and chemical classification, first grouping the 
minerals according to the useful element contained in them 
and then arranging the elements in the Periodic Glassification. 
The rock-forming silicates are grouped so far as is jjos-sihlc 
into their natural families, in the description of the rock- 
forming mtnera^lst optical data have been given, and special 
attention directed to determinative details as, for instance^ 
in the case of the felspars and the aluminium silicates. In 
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this part of tbe book, too, the statistical details have beea 
hrou^hE up la date and the general eJiaracters of tJie occiir- 
fence of the ores of each cleitient sununarlscd^ Ed this 
connection 1 desire to acknowledg^e my indebtedness to the 
various natlotial statistical suniTnarics and, In particular, to 
the publications of the Imperial Institute and the United 
States Geological Survey, and to The Mineral Industry 
(McUraw-HilJ Book Company, Inc.). 

These changes have led to a considerable increase tn siit, 
ntid it is with sincere regret that 1 have been compelled to 
dispense wuth the valuable and interesting Introduction by 
the late G, T. Holloways that has appeared in the revised 
editions lip to the present. Readers of this new edition w'ho 
are not familiar with the earlier editions would do well to 
Consult One of these for Holloway^s introduction. 

E wish to re-state my thanks to all who helped in the pre- 
paration of the first revised edition of tliLs book; the virtues 
of their cnntributiocis have been prcscrvedi En connection 
with this present edition, I desire to thank my friend Mr. 
I. S. Double for help in the preparation of illustrations. Mr. 
G. MacDonald Davies kindly allowed me^ to use In modi bed 
form certain figures that have appeared in 
CtystaUagrapky^ by J. W. Evans and G. MacDonald 
Davies. Finally, my thanks are due to Messrs, Swift for 
the loan of tlic block which formed the bd^ls of Fig. 08. 

In spite of these enlargements and changes^ I believe that 
the general cha r acter of Rutley*s Mia^wal&gy has been main¬ 
tained i and I hope that the modifications introduced will 
increase the usefulness of the book. 

H. H. READ, 

TH£ UmvcR-SITV of LlVliRtTOL. 

Augiistj^ i038. 
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ELEMENIS OF MINERALOGY 

INTRODUCTORY 

THE NATURE OF MINERALS 

The IMineral Kingdom—R has lanp; been the custoin 
to divide nature into three great departments^ the animal, 
veg'etable and mineral kingdoms. The mineral kingdom 
compnsds the materials that make the crust of the earth 
and a part of this kingdom is dealt with in the science ol 
mineralogy^ Whether or not any definite boundaries exist 
between the three kiilgilocns is a subject which remains to 
he investigated. 

The different members of the animal and vegetable king¬ 
doms are characterised by the development of special 
organs, or of certain ptculiarities of structure, by means oi 
which thev pass throagli a series of changes known as life 
and growth. This latter phenomenon takes place by the 
absorption of various kinds of matter which then undergoes 
conversion by chemical processes into substances similar to 
those tnakiog the plant or animal. In this w^ay the waste 
ndilcb accompanies life Is replaced^ The bones and shells 
of animals consist to a great extent of mineral matter. 
Plants are capable of deriving earthy substances from the 
soil in which they grow* But mineral matter which has 
thus been utilised by organisms passes, m the rigid inter¬ 
pretation of the term, beyond the pale of mineralogy, for it 
assumes a structure, gavemed by the nature and require¬ 
ments of the animal or plant, that it would not possess as 
an nrdinarv portion of the earth^s crust. For examplej a 
pearl would ix regarded as an organic substance and not a 
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tme tnineral^ althDiig:h tl cxknsista of mineral matter. 
Agai^l^ cos.]^ being a siibstafice derived from the decomposi¬ 
tion of vegetabSo mat ter > would not be rigidly classed with 
minerals. 

Minerals.— A most Impiortant characteristic of a mineral 
is the possession of a definite chemical composition. Some 
qualification of this statement is^ however^ necessary. Cer¬ 
tain minerals form a closely related series m which there is 
a gradual replacement of one clement by another, the two 
end^memfaers of the senes being connected a number of 
transitioiial types of intermediate composition- In order 
to avoid the establishment of a great number of slightly 
differing mineral specjEs+ It is usual in such cases to con¬ 
sider the series as a whaler definite names being given to 
the cnd-inembers and possibly to certain intermediate types 
of historic or other interest. The varlatioas of the chemical 
compositions of ^uch scries are not haphazard hut are 
governed by certain rules. 

The possession of a definite chemical composition does 
not suffice in all cases to fix the mineral species. It ts found 
that two minerals with markedly different physical pro¬ 
perties, such as colour, hardness^ form^ density and so on, 
have identical chemical compositions. In cases such as 
these, the two mineral speoieB have their atoms arranged 
on different plans with the result that they have dlffereni 
physical properties. Under favourable conditions, the in- 
lernal atomic strnctiire of mineral^ finds expression in their 
external forms which are bounded by Oat surfaces arranged 
in characteristic ways. Minerals with such external forms 
provide the beautiful objects known as crystals- 

It follows from the requisite of a dehnlte ehefulcal cooi^ 
position and a definite atomic structure that minerals must 
be homogeneous, that Is, each part, how^ever small, must 
ha%'e the same chemical and physical properties. 

Definition of a MineTaK —A mmeral is a subsfartcE hav^ 
ing a definite ch&mica! composition ond atomic itmcfure 
iinJ formed by the ingrguuN? processes of nature. 


THE NATURE OF WlNHKALSi 


Jf we fftllow this deRnhioo rigidly, wo are bound lo con¬ 
sider the naturally occurring pure gases amongst Lht 
iniiierak. We should not include air, however* since it es 
a mixturi: of nitrogen and oxygen and is therefore not homo- 
geneous. Agaiiip watcr^ snow and ice come within the 
definition since tliey are naturally occurring homogeneous 
inorganic substances of a definite chemiral composition- 
The so-called mineral oils are mixtures of several hydro¬ 
carbons and therefore cannot be considered as mineral 
species. 

What should be included wltl^in the rigid deBnition of a 
mineral is thus clear* but the term is often employed in a 
more extended sense^ a usage which Jias been the cause of 
several celebrated law-suits, Thus^ a miner considers a 
mineral to be anything of economic value that can be ex~ 
tracted from the earth. The national statistical summaries 
of mineral produciion include details of materials such 
chalky Hay, coal, petroleum* and igneous rocks that do not 
come within the definition of a mineral. In this book it is 
proposed to discuss not only those substances which fulfil 
the term^ but also a few roaterlals whose origin may not 
alw^ays be free from organic causes or whose chemical com¬ 
position may not he constant. Coal, mineral oils, hme- 
stones and some phosphate are examples of such substances. 

Bodies in no W‘ay to be dlstingntshed from actual minerals 
have at various times been artificially formed^ either pur¬ 
posely m the laboratory or by accident in industrial pro¬ 
cesses; but although Identical with true minerals of like 
chemical compositlont outcome of processes 

controlled by human agency, and consequently are not in¬ 
cluded among minerals. They have, nevertheJess, a pro¬ 
found interest for the mineralogist inasmuch as they serve 
to a certain degree to eluddafe the conditions under which 
the corresponding minerals have been formed. 

Rocks . — ^The popular usage of the term mineral includes* 
as w^e have already sceOj certain substances which are more 
properly trailed rocks. A rock is a portion of the earth 
crust which has seme individuaiity j it is the working unit 
of the field geologist and the dlitrihutioo of the various 
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kinds of rixiks is shown Lipon geolog:iral maps. A tock 
has fiD distinctive shape ot its own, it has no definite 
chemical composition and it is not homogeneous. 

K^cam[nation shows that m most cases rocks consist of li 
mixture of various minerals. 'Phe hEtcrog^eneous rock can 
be taken to pieces and the several hoinogeneaus mineralii 
that compose it separated out. For example, consider the 
well-known rock ^mnife. It can be seen by inspection of a 
hand-specimen of this rock that h JS made up of three con¬ 
stituents — one white or pink and clenvable^ which Is the 
mineral &Hhocla.Sff ; another, clear glassy and w'ith no cleav¬ 
age, which Is the mineral quarts; and a third, glistening:, 
scaly and soft, which Is the mineral mrcn+ Detailed chemical 
and physical investigation would show that the components, 
orthoclase, quartz and mica, fulfij the requisites of mmerals^ 
They are the tnmeral units which have been aggregated to¬ 
gether to form the rack granite. These three constituents 
occur in varying propertinns in dMerent granitES and even 
in different parts of the same granite mass. It sometimes 
happens that a rock^ in the geological sense of an individual 
portion of the earth^s crust, may be composed of one mlnera] 
only. For example, a pure statuary^ marble consists of the 
single mineral calcite. 
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THE PKOPEKTIES OF MINERALS. 

CHAPTER L 


THE CHEMISTRY OF MINERALS. 

Sol id St Liquids and Gas«9*— Matter may cstLst in tliree 
states, ihi: aoUdp the liquid^ and the gageaus. Most minerals 
are solid, but some laaterlaU considered bercj sudi as 
petroleum and natural gaS| are Ouids. Liquids and gases 
are fluids/' i.e. unlike solids they dow under the action 
of gravity i a gas entirely fills the space containLug it, 
whereas a hquid may uot, but may be bounded by an upper 
horizontal surface. ^lost pure substances can exist La all 
three slates, and may be caused to pass from one to auother 
by heating or cooUng. At suilidently high temperatures 
many minerals are melted to Liquids, although some are 
diemtcaily decomposed by heat before they reach their 
melting point. 

ElemooLs^ Conipoands luid Mixturea.—A purd sub- 
r^nuuif is one that possesses characteristic and invariable 
properties; matter can thus be divided into mixtures aud 
single (or pure) substances. Pure gubstaaces may be of two 
kiads^ viz., dements aud compounds. 

Elements are substances which have not so far been split 
up into simpler substances by any chemical means. About 
uittety dements are a! present known, but many arc ex- 
iremtdy rare and of little importance to the mineralogist. 
It has been estimated that the crust of the earth is com¬ 
posed of 46^5 per cent, oxygen, 2T^ per cent. sdicDn, 0-1 
per cent* aluminlun], oT per cent, iron, 3-0 per cent, cal- 
ciuuq 3'0 per cent- potassium, 2'S per cent, sodium, and 2-1 
per cent, magnesium. Thus, over 06 per cent, qf the earth’s 
crust IS composed of but eight dementSp and most of the 
ulcnients of economic value are absent from this list. 

7 


2 


f 


KLIMENTS OF MINERALOGY 

Compounds are pore made up of two or more 

elements. They are foruift! as a result f*f cbemical change 
and are different from mere iia.Tfwj'ej m ihe fpllowiJig- Avays; 
(i) The elements consUlutin^ a compound are combined in 
definite proportions by weight, (li) A cDm];x>und cannot 
easily be split up^ whereas the com|Kkncnts of a mix lure can 
usually he separuled by mechanlcaJ means. These com¬ 
ponents may ihf.mselves he either elements or Compounds, 
(hi) The properties of a compound are often very difierent 
h'om those at the elemenls it contains^ whereas a mixture 
usually possesses the properties of its constituents, (ivj 
Heat is eitJter g-iven out or absorbed when a compound is 
fnriticd } this does not in g^eneral occur tvhen substances arc 
merely mUed. 

Minerals am cesnipK>unds of their constituent element 
while rocks are mixtures of their component minerals. 
Thus, the mineral quartz is a compound (silica) of the 
cltmenis silicon and oxy^n^ whereas the rock granite, as 
we have seeiir is fi mixture of several minerals, one of which 
is quartz. 

Atoms.— ^The cliemical and fihysical behaviour of sub¬ 
stances is best explained In lerni .5 of an Alomic Theory of 
Matter, It is possible to break down the maUcr of an 
eknu.-nt into smalfcr and smaller particles, and at one stage 
of this process tlic particle is callcti an nf&m. 1‘^hc aloms of 
one element are ail alike and differ from those u£ other 
element!5. Chemical coniblnution is the binding together of 
atoms^ and hence a useful definition Ls r dn atam 11 ih^ 
smulhsi port of fin (Juif cnvi cirter intu 

comhinalion another 

Atoms unite Avith one another in definite proportions, 
though an Atom of one element may unite with different 
numbers of atoms of another element in two or more dib 
ferent compounds. Kor example, the carbon atom combines 
w^ith the oxygen atom to form two different crmipounds: 
carbon monoxide, in which one atom of oxygen is Joined to 
one atoTTi of carbon, and carbon dloylde, which has tvim 
atoms of oxygen combme<| xvith each carbon atom. Again, 
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iron combines with oxygen in ilje proportions of I ; 1 
(ferrous oxide) and 2: 3 {ferric oxirfe). 

Moi^oulen. —The partick^i of Ai substance in the gaseoui^ 
condition are ^vidcly separated from each other and in a 
state of raplB.I, rfindom motion. Tliese freely moving 
panicles are called fflokclihw, and they may consist of single 
atnmsp as in the gas licliLurij or of two or more atoms of 
the same clement; as in hydrogi^n or oxygen oFi iu the case 
of coin pounds, of two or more atoms of different elements, 
e^g- steam, carbon dioxide. 

When a gas condtmscs to a liquid tJie molecules arc no 
longer separated in space buL come together and^ to a cer¬ 
tain extent, lose their identity. \\'hen the liquid is frcHen 
to a $olid, the atoms, arrange them selves in a fairiy rigid 
pattern^ and it is no longer possible to segregate any one 
group of atoms from the rest. The term mofcciile Is 
thus not really applicable to the solid sute* 

Symbols tliid Formula.— For convenience, an atom of 
every element is represented by an abbreviatkin called a 
which is usually the first letter^ or the first and 
Second letters, of the English or Latin nantc of the element. 
The molecule of a substance is representeti by a fotmuia: 
thus, O is tiie symbol of an atom of oxygen, and C of an 
atom of carbon, and is the formula of a molecule of 
oxygen^ and CO^ tlie formula for a molecule of carbon 
dioxide. The proportions of the constituent eJements of a 
solid or liquid compound are ai>o rq^resenlcd by a formula; 
thus, caUritu is CaCOj. it should be dearly undcrslood that 
this formula merely means that calcite is composed of cai- 
duui, carboni and oxygen in the proportions of one atom of 
ualcium, one atom of carhM:^^ and three atoms of oxygen; it 
does not stand for a moteculc of caJeite (see previous 
paragrapli). 

Atomic and Molecular Weights^ —The tifomic weight 
of an element is the weight of an atom of the element com¬ 
pared with the weight of an atom of oxygen taken Ifi. A 
tabic of atomic weigh I i? is given on p. It. 

The molecular '-dseighi of a substance is the sum of the 
aiomlc weights of the aloms composing a molecule of the 
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subtitaiice. Ill the case pf a solid, the fomiuJa weight Is a 
convecieat quantity, and Is the sum of the weig^hts of tbt 
atoms making" up the forrruila of the oouipound. IhuSj the 
atomic weight of calcjum is 40^ of carbon iS 12, atid of 
ojcygcn is 16; the formula weight of calcitc (CaCO^) ia there¬ 
fore (4^J-hl2+3xl6)=^m 

Valency*— ^ihe valency of an dement is measured by 
the number of its atoms w^hich will combine with or replace 
one atom of hydrogen. For example, chloriue corn bines 
with one atotn of hydrogen and is therefore univalent, cal¬ 
cium replaces tw o atoms of hydrogen and is therefore diva¬ 
lent, and so on. Several of the dements have cMerent 
valencies in different compounds; thus iron Is-divalent in 
the compound FeO, or trivalent In the compound 
The usual valencies of the commoner demenls are given 
below:— 

Vnh?edenu H, Cl, Br, 1, F, U, Ma, K, Ag, Cu, Au. 
Diviilent; O, S, Sc, Te, Be, Mg, Ca, Sr, Ba^ Pb, Ilg, Cu, 
Zn, Co, Ki, Fe, Mn, Cr^ Sn, 

B, Ail, Al, Fe^ Mn, Cr, C-o, Mi, M, P, As, Sb, Bi* 
Quadrivalenti C| S, Si, 11, Zr, Sr, Mn, Pb. 
gfiiFiqijaTjo/eni; P, As, Sb, Bi, Ta. 

HexavaJenU S, Cr^ Mo, W, U- 
HeptaviJ^^TLi: Mn, 

Note that sotne dements show variable valency, e,g. 
Fe, S, Mn. 

The Jatmclure of the Atoiia— According to vlew^s de¬ 
veloped early in this centuryj the atoms themselves may be 
regarded as built up of 5till smaller units, called electrons 
and protons- The slecfron has a unit negative electric 
charge, and a mass about 1/lSGO of dial of the lightest 
atom, hydrogen; the proton has a msss about equal to that 
of the hydrogen atom and carries a unit positive charge- 
Although other similar small units exist, it is convenient to 
regard the electron and the proton as the hncks from which 
the atoms of the elements are budt. In the Rutherford- 
Bohr theory, the atom consists of a ccnlral nucleus sur- 
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ATOMIC WEIGHTS. 
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Tellarium 

Terbium 

'rhalEuiii 

ThflTinii] 

Thtdimn 

Tin 

Titaninm 

Turi^iiten 

Unuiium 
Vanaditim 
XcDon 
Ytlerbium 
. Ylirlum 

I 

I Zf rcouimn 



AtoUEc 
W ElEiUT 

m 

144-37 

Ne 

30-153 

Ni 

ES-GS 

Nb 

(Cb) 

02-01 

N 

14-008 

Os 

190-3 

0 

16-0000 

Pd 

108-7 

F 

30-98 

Pt 

I9&-23 

K 

39-098 

Pr 

140-93 

Ra 

220-05 

Ra 

233 

Re 

1S6-31 

Hh 

102^91 

Rb 

as-48 

Rk 

101-7 

Sm 

15040 

Sc 

4nl0 

Se 

7B-0e 

Si 

sa-oG 

Ag 

lOTsao 

Nfl 

:23-!KW 

Sr 

87-93 

S 

32-PG 

Tm 

100.80 

Te 

127-01 

Tb 

1592 

T1 

294 39 

Tb 

233-13 

Tm 

Il5t34 

Sn 

Uf^7D 

Ti 

47^00 

W 

183-03 

U 

338-07 

V 

50-95 

Xe 

1813 

vrb 

173-0-t 

Y 

88-03 

7b 

65-33 

7r 

0132 
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mundcd by electnrms mi>ving- !n orbits^ rather like the planets 
n>unr1 the sun. ^losE □£ the mass nf the atom is concen¬ 
trated in ibe nucleus, which is small compared with the 
cfiaTtieter o£ the whole atom as dehned by the outermost 
elotnrous. T]ic nucleus catries a positive charge equal iu 
may^nitude to the total charge of the orbital electronSi so 
that the whole ntom is dectrlcally neutral. 

Thuifl the lightest atom, hydrogen, consists of a single 
orbital electron and a nucleus of unit mass carr^ung unit 
positive charge one proton). The nest atom in order 
of ’iveighti lie!Sum, consists of two orbital electi-nns and ft 
nucleus of 4 units of mass with two positive charges, and fin 
on with successivety heavier atoms. Each atom differs 
from Tt& next lighter neighbour In having one more orbital 
electron and, on the average^ two more units of mass In 
the nucleus. 

louiv — A q atom which has lost or gained one or more 
electrons, and is thus no longer electrically iteulrah is cailcd 
an {on. There is plenty of evidence to show that a com¬ 
pound such as common salt (I^aCI) is not an aggregate of 
chlorine and sodium fttoms, but of sodium and chlorine Ions, 
the sodium Ion having a unit positive charge and the chlorine 
ion a unit negative charge (written Na"^^ Cl"). The elrctrf^- 
filatic attraction. herwiT^n these oppOHitcly rhargrd iims 
constitutes the binding nr vah-ncy force in the compound 
sodium chloride, and is known as an rovalency. Tf thev 

can be melted or dissotved in ixMtr, such compiiunds cois- 
diEct electricity aod tire called '"sonic"' or "'polar'* rom- 
pounds: other examples are calcium sulphate fllic mintrul 
anhydritel and iron sulphide (pyrites). But not all valency 
Jinks are of this kind : in many cases the lintr Is in the 
nature of a sharing of one or more electron.s Tvetween atoms, 
and i.s known m the "co-valent"' or " hrimopf^larbond 
{see p. [291. 

CLASSIFICATION OF THE ELEMENTS. 

Metals and Non-Metals. — The elements may |je divided 
roughly into two classes, meials and TTou-fncfjif 5 . There is 
no hard-and-fast line of division betivccn the two classes, 
and the metahoids (p.g^ arsenic) combine characteristics of 
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both divisions. The physical distinction faetwtscn tlie two 
clas&es is rc-adily understood with reference to liistret 
cnaJJeabilUy^ coriductJOD of heat and of electricity^ elc.^ biitj 
as will be seen latctj this division is also of great chemical 
importance. 

^^etah: At, Sb, As, Ba, Bi, Cd, Ca, Gr. Co^ Cu. Au, 
Fe, Pb. Mn, Mo. Ni, Pt, K, Ag, Na, Sr, 
Sdj TJ| W, Zhj etc. 

B. Br, C, Cl, F, H, I, N. O, P^ S, Si, etc. 

The Periodic CIajS.^fication* — Wvhen the dements are 
Its fed in The order of Lhdr atomic vveig^hts, they may be 
divided Into groups so fliat elements of similar chemical 
properties are brought together. This was first shown by 
MentIdeciF, and modern views on the structures of the atoms 
have given a physical basis to his Periodic Law. In the 
table on page 14, each dement is shown by its symlwil and by 
a number, known as the atomic t5Liml>er,*^ witich indi¬ 
cates its jiosilion in the list of dements arranged in ihe 
Qr<Jcr of their atomic ’weights. The atomic number of an 
dement is also equal to the number of positive charges on 
the nudeus of ks atom (and therefore to the numlier of 
orbital LiectronsL The rovvs across the Tahlc r^irrcsijorid 
to Mcndeleeff^s ariginn] periods, and elements connected by 
lines running from top to bottom of the table form the 
j^roiipx. Elements in the saute group show’ similar chemi¬ 
cal properties: they have the same main valency, and tend 
to replace one another in varying d^ree m minerals. Their 
compounds often cry's tall ise in similar forms and they often 
occur together in nature. Thus, there arc marked simi¬ 
larities between the corresponding minerals of Li, Na, and 
K; and of Cn, Sr and Ea_ Elements in the 4lh, Hlh and 
6th pcricwis ’which are shown surrounded by a frame are of 
variable valency^ fiaving special features in their electronic 
structure, and are kno’ivn as “ iransltionnl." 

CLASSES OF COMFOtlNO^. 

Oxides. — Compounds of oxygen xvith another element are 
called oxidcSi, and are a very important class of minerals - 
As examples may he given corundum tinstone 


^4 
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^KRIODTC TABT*E OF THE ELEMENTS. 



(SnOj)^ and quaru (SlOj^), The chemical cocnp€>sition of 
cQjnplex minerals can be written as a cambmatlon of various 
oxides p e.g, orthoclasc, KAJSijO,^ could be WTitten 
KjO -• AljO j .6SiO||^. This used to be the accepted wajf* of 
formutating^ minerals, but it is misleading, because tbt 
oxides are not present as such in the mineraL In tbj^ booh 
the formula of rnine?^Ls are now written as far as possible 
in accordance with their atomic structure as revealed by 
X-ray studies, a matter of special importance in connection 
with the silicates. 


















































THE CHEMISTRY OF MINERALS 

Adds and Basest—The oxides of doa-metab are acidic^ 
atid most of them dbsdive in v^ater to form aetds^ All 
adds are compounds of fiydro^ea, ■which is capable of beinp' 
replaced by a metal; the pronp of atoms combined with the 
bydnog^en is termed the dicid. radicle^ Thus sulphur, carbon 
and nitrogfen g-jve rise respectively to sulphuric, carbonic 
and nitric achis^ The oxide of sHIcon, silica is 

acidic but Is not readily soluble in water and does not j^dve 
rise to silicic acid- 

The oxides of me lab arc, in general, basic, Some win>- 
bine with water tn form caustic soda (NaOHh 

calcium hydroxide (Ca(OH)J, Many metal hydroxides, 
some of which occur as minerals^ are Insoluble and therefore 
not formed in this way, but, on heating, they lose their 
water and form the basic oxides. Ex am pi w arc : Mgf(OH]at 
hnidter AL(OH1 r, gibbsite. 

Salts,—By the eombinaliofi of an acid and a base, the 
hydrogen of the acid is replaced by the metal of the base, 
and the result Is the formatlnn of a salL Thus the action 
of hydrochloric acid [HCl) on the base caustic soda fNaOfF) 
gives the salt sodium chloride (NaClb together with ivater 
as shown in the equation bekixv :— 

HCl + NaOH = NaCI + 
acid base salt w^ater 

Many minerals are salLs, and the names of the commoner 
adds and their entresponding salts are tabulated below :— 


Name of Aciti 

1 Nake of Salt 

Examfle of Salt 

Hyiirochlaric fHClli 
TTydrnbimmc (HBrS 
Rydriodk fHI) 
Hvdrfifliioric fHF) 

Nitric (HNOjI 

Mplutrid fFfjSO^) 
Sulphnrrttsd Hydrtusen 
fH^Sl 

Carbonir (H,COj,l 

Pyruboric 

Phnisplfurk fHafOi^ 

; Chloride 

1 Bremtde 

Iodide 

Flnoride 

EulpbatB 

Siilphide « 

Rock-^t (NaCll 
Dromvrite (AeBr) 
lodyrlte fA^T) 
FTtidir-spar (CaF-j 

NitfB (KNOO ‘ 
Hatrle! 

GfllcnE rPhS) 

OlTboiiJitr ’ 

Boratfl 

Ptif^^hale 1 

Caldtc tCaCO^J 

BofSa (Na«B.O,.)Aft. 
Aputilt 
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The targ^c g^roup of silicate mineralb^ used to be regarded 
as dei'Ive<i from a number of hypothetical silicic The 

stracture of these jnlnera]& is dealt with later (p. fS5). 

In tile examples of mineral ^iven in the tabic above, 
all the hydrogen of the acids ha.^ been replaced by metallic 
elements^ and th*: resulting salts are called 
\\'hen only a part of the hydrogen ss replaced acid salis are 
produced. For example, KnSOj Is normal potassiiim sul¬ 
phate, KHSO^ is acid polaisslljm sulphiltc. In haine salts, 
the uhule of the base has not Ik^cti neutralised by the add 
port ion; thiis^ the tninenil nialachiie is a l.ia^ic tuirboiiatc 
of copper and its compaskion mav be writ ten 
CuCO,.Cu(OH),, 

Water of Cry^aUtsation-— Wtien certain minerals 
Crystallise they combine with a number of molecules of 
ivater» w^hith are loosely attached to the compound, and 
do not enter into its tnndr chemical canslittitlori. This 
water is called water of ci^ystalUsation and can be driven off 
from the compound at a moderate heat. Gypsum has t%vo 
molecules of water of crystallisation^ as CaSO^ + UH^O; 
bomx has ten, as Na^3,6, + lOH^O. Such mincrtils are 
said to be hydrated. 

Isomorphistn. -— It is found that certain minerals of 

a logoi IS compos itson crysEaUise in forms showing close 
relation one wiUi another. Such minerals have iheir atoms 
arranged on similar plans^ This phenomenon is called 
ijofjinr|F|iijfn. The members of an isomorphons series are 
often salts of jhose metals which are contained in the same 
group of the Periodic Classic cat ion. 

The calcite group of minerals is an example of an Iso- 
mo rphous series, consisting of the foUovvinp rhfpf 



rs the presence of links between 
The important group of minerals 


the simple compounds. The i 


ktiowm as the plagioclase felspars constJtuEOs an excellent 
example of a series showing homorphous miarkir#, there be- 
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ing a grtdaUotj m chemin^aJ composition, crystalline lorn, 
s^ilic gravity and optical properties from one extreme, 
alfailfr P'faAISijD^, to the other, unorthlit; CaAUSEX>|. 

In Jsomorphous series one element replaces another^ and 
this finds expression in ihe formuJa; of the individuals of 
snrh series. The olivine f^rouF> ^nries from pure magneyEum 
Silicate (M^jSiOj to pure iron .silicate, fayalitt, (Fe^SIO^), 
The formula for a slightly ferriferous olivine would be 
Written as ([Vfg,Fe)^S]C>^, wheruas that of an oh vine in which 
iron pi-edomlnates would he written {Fe.Mg).SLO,. 

Oxidation and Redaction. — A chemical change bv 
which oxygen is added to an element or compound Is called 
oiWflfion* The term rrdficrfoPT is applied to a change in 
which (be oxygen or other non-metal I 5 taken awav from a 
compound. 

When metallic copper is heated in contact with air it is 
changed mEo a black oxide of copper^ as in the following 
equation : 

S Cu + O, ^ 2 CuO. 

Here oxidation of the copper has taken place- The reverse 
process may be studied fay heating the copper oxide in a 
current of hydrogen, wiEh the result that metallic copper 
and water are formed. TIiLs Is a case of reduction^ and the 
changes may be represented as: 

CuO + H. = Cu HjO 
Another example of oxidlsatkj]! Ls the change from ferrous to 
ferric oxidr, (lliis, rO = Fc^O^. This is an important 

change In oonnectido with the altemtlon of minerals. 
Oxidation and reduction are of very great importnce In the 
blowpipe analysis of minerals. 

Synthesis and Analysis.— The buildlng-Qp of a com¬ 
pound by the union of one element with others is termed 
^ynlhesii; the spIitting-up of auejj a compound into its con¬ 
stituent elements is called analysii. It is by means of 
Synthesis and analysis that the operations of the chemist 
are carried on. 

Analysis^— The first step in analysis consists in deter¬ 
mining the nature of the elementary substances contained in 
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^ compound, the next in determining^ the proportions of 
these canstitLieDts. The former Is called and the 

Sat ter «tna lysis, 

lo a quaJitative analysis the recognition of the con¬ 
stituents hinges upon the fact that certam bases and certain 
acids produce well-marked phenomena in the presence oi 
known substances or preparations termed The 

characteristic effect produced by a reagent is spoken of as a 
reliction. Thus hydrochloric acid Is a reagent^ and when 
added to clear solutions containing salts of lead* silver or 
mercury^ it produces a dense white precipitate consijiting of 
the chlorides of those metals, — a reaction denoting the 
presence of one or more of them in the Diiglnal solution. 
This reaction must be supplemented by others in order to 
determine which of the three metals k present In the salt. 

Such investigatian«i conducted in w^luliona are called 
analyses &y the tpay. There is, however, a dry may 
which is extremely convenient for the purposes of the 
mlneralogkt^ and this is now described* 


Analysis nv the BLowpirF. 

The Blowpipe,— -For examining a mineral in the dry 
way, the blowpipe Is an invaluable instrument. It consists 
essentially of a tube bent at right angles, one extremitv hav¬ 
ing a mouthpiece, the other being terminated by a finely 
perforated jet. The tube should bulge out between the hvo 
extremities into a cavity^ in wbidb Ae condensed mnisture 
from the hrtath may lodge^ so as not to he carried tl^rough 
the jet on to the assay, or portion of material being tested. 
It Ls important that the aperture of the nozzle of the blow¬ 
pipe, should be small and circular. This cad be attained by 
nearly dosing the aperture by gently tapping the nozzle on 
an iron surface and then insfrrtlng a square needle and bv 
rotation produtiiig a hole of the required size and shape, 

Productiott of Blast.— Tn using the blo^iJipe tfie 
operator wull probably experience at first some difficulty in 
keeping up a steady contlnuoiis blast. Practice will, hoiv- 
ever, soon enable him to use the instfumeiit easily. While 
blowing, the checks should be kept inflated and the air 
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expelled by llicir fietioii ooly^ fresh supplies of air bein^ 
drawn in through the nose* Trial will teach far better than 
any description, and practice should be resorted to until a 
steady and uninterrupted blast can be kept up for some 
minutes. A gas danJt is very convertlcnt far blowpipe ei- 
peri men is, but the Game of a spirit lamp, an oil lamp, a 
paraffin-wax lamp, or a candle, will also ajisiver the pur¬ 
pose. When a tamp or a candle is used, the wick should 
be bent in the direction in which the flame U blown. Many 
portable blowpipe lamps are on the market for use in the 
field. 

The Two Kinds of FJnme.—In blowpipe analysis it is 
necessary to be able to produce and to recognise tw^o types 



F 

O 


FjO- 1,—UiidLaip^ slujwicg FiCMutidu 

Qf Blawpip?, gjid Fomi» of Oxidation 
(OJ and of Fimacn (^. 

of flames^ in one of Tivhjch oxidation of the substance under 
examination is brought about, and in tht other * reduction- 

1* The Oxtdtfmg —.An oxidising flame is produced 

when the nozzle of the blow^pipe js Introduced into the flame 
to about ont-tblrd of the breadth of the flame. It is advis¬ 
able to blow somewhat niore strongly than in the production 
of the reducing flame. The oxidising flarnc is blue and 
feebly illuminating, and lo It the air from the blowpipe is 
well mixed with the gases from the flame, and complete 
combustion ensues. There are two positioos tn this flame 
at which operations tiseful to the esperirnenter are per¬ 
formed* The hottest part is just outside Lhe inner blue 
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cooe, and is called the of fusion. The best pasitlan 

fbr oxidation — ^the point of oxidailon-^is just beyond the 
visible part of the flame, for at this point the assay is heated 
surrounded by air^ and hence oxidaUon takes place. The 
oxidising flame is shown in Fig. 1, in which the positions of 
the point of fusion (F) and the point of OKidatlon (O] are 
seen. 

2. The Reducing Flame. — ^ The reducing flame is pro¬ 
duced when the riDZjEle of Uie blowpipe is placed some little 
distance from the flame. The reducing- dame is bright 
yellow and luininoiiST ragged and noisy. In this flame the 
stream of air from the blowpipe drives the whole flame 



flG-3. — Rj?ducmj^ FlaTiirt:, ^linswjiig Fu^ltion of 
Olawpipe fl.nd Poiet of Rcdncticnc 


rather fcefaly before Itf and there is little mixing of air with 
the gases from the flame. The result is that these gases 
are not completeJy burnt+ and hence they readilj combine 
wdth thi oxygen of any substance introduced Into their 
midst, it will be seen, therefore* that the assay must be 
completely surrounded by the reduciiig flame^ but care 
should be taken not lo introduce the assay too £ar into the 
flame for a deposit of soot will then be formed and interfere 
with the heating of the substance. The reducing flame is 
shoivn in Fig. 2^ and tlie point of reduction is at (fl). 

Supports,— ^The portion of the substance under exaniina- 
tion — the assay — may be supported in various w'ays accord¬ 
ing to the requirements of each particular case. After eacli 
experiment, ail supports must he thoroughly cleaned before 
further u^^ 
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Charcoal. —Charcoal forms a good support by reason ot 
its fctbfe capacity for conducting heat, and its 

redncifig action. The carbon of which ihe charcoal consists 
readily combines with tJie o:iygen which the assay may con¬ 
tain^ The reduction of many metallic oxides to the nietaJs 
may be effected by heating on charcoal in the reducing 
flame. In other cases charcoal may be used as a support Iq 
oxidation, provided that its reducing action does not niateri- 
ally interfere with ihe results which the operator desires to 
produce. 

To obtain the maximum of Informatian from the behaviour 
of an assay when heated on charcoal, it is necessary to 
observ^e several precautions. The assay shouUl be plac^ in 
a small hoOoTv scraped in the charcoal^ and there should be 
a targe area of cool charcoal beyond the hollow on lehich in 
certain cases an encrustation may form. Should the assay 
cracltlc and Ely about, a fresh assay must be made by pou'det- 
ing the substance and mixing it into a thick paste with 
water. Flaming or easy burning of the assay should be 
noted^ together with easy fusion, or absorption of the fused 
assay by the charcoal. 

The nature^ colnur^ smell and distance from the assay of 
any encrustation are all important Indications as to the 
nature of tlie elements present. 1‘hu5 arsenic compounds 
give an encrustation far from the assay^ whereas antimony 
compounds give one near the assay. White encrustations 
or residues, Mdsen moistened with cobalt nitrate and strongly 
reheated, give various colours characteiistjc of certain ele¬ 
ments, Compounds containing some few metals — lead, 
mercury' or bismuth — give characteristlcalEy coloured 
encrustations when heated on charcoal with patassiurn 
iodide and sulphur. Tables embodying these and other 
tests are given in later pages. 

Platinum-tipped Forceps- — These forceps arc useful 
for holding small splinters of minerals m the bloivpipe flame. 
When substances are examined in this way the colour of the 
fiamc should he noted, and the degree of fusibility gf the 
mineral compared so far as iss possible with the standard 
scale of fusibility described on p, 50- 
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Platinqm Wire, — A plaElnurn wire may bt used with 
excellent results for nearly all the operations usually C 2 tt^ 
ried out by the forreps^ In the use of platinumr lA'hether 
foil, forceps or Mrircj care should be taken that minerals 
containifin' iron^ lead, antimony and other metals that form 
alloys with platinum arc not supported by its means. 

Platinum wire Is used in the flame test and the bead tests, 
Sev'craJ elements give distinctive colours to the blowpipe 
fiame and this flame iejt is performed by Introducing: some 
of the finely powdered mineral, cither alone or moistened 
iivith hydrochloric acid, intn the Rsme on a platiniiin wEre^ 
The several very important bend are carried out by 

fusing- the mineral with a Ruk in a small loop at the end of 
the platinum 

Fluxes* —^Certaiu Substances are added to the assay for 
the purpose of effecting a more rapid fusion than could be 
obtained by heating the mineral by itself. Such substances 
are called fluxes and are especially useful when the con¬ 
stituents of the assay form a characteristic coloured 
compound with these substances. The most important 
fluKcs are borax^ microcosmjc salt, and sodium carbonate^ 

Borax and the Borax Bead* — Borait is a hvdrous 
sodiuin borate, NagB^Oj-lOH^O or Na^0.2B.0^*lbH^0. 
When used as a blowpipe reagent^ the borax is finely poAi- 
dered after having been deprived by heat of the greater part 
of its water. To make a borax bead the operator first bends 
one end of the platinum wire Into a small loop. The loop 
IS heated to redness in the blowpipe flame and immediately 
liippEd imo the powdered borax, some of w±ich adheres to 
the wire. V^en the loop is heated again in the blowpipe 
flame, the powder froths up or intumesces, owing to the 
disengagement of the water still remaining in it, and gradu- 
aUy fuses to a clear transparent globule, — the borax head. 
The powdered substance to be examined is touched ivith 
the hnt bead so that a small quantity of the substance stick? 
to the bead. The bead is then heated again by a weD-sus- 
tained blast; its colour and other characters are noted, both 
when it Is hot and cold r and these observations are "made 
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svith both the osidi^ing and reducing flames. Some 
mintrraLs should be added to the bead in very minute quanti- 
Lies, otherwise the reaction may be masked or rendered 
obscure^ am I dlfTicLilty experienced in determinings the colour. 
Borax serves priacipaUy to reduce substances to the state of 
oxides, and it is by the colour and other properties which 
these oxides impart to the borax bead that we arc abk to 
ascertain to a certaia extent the nature o£ the substance 
under examination^ 

MiiitirtiK contaioin^ sulplim* or arsenic dissolve with diffi- 
culty in borax and the behaviour of such sulphides and 
arsenides in the borax bead differs materially from that of 
the oxides of the same metals. It is therefore advisable to 
roast the substance on charcoal in the axidislng flame before 
making the usual borax bead test so that the sulphur or 
arsenic is volatilis^ed- 

MicrocosmtC Sail, ~ Microco&mic salt is a hydrated 
sodium ammonium hydrogen phosphate (KaNH^HPO^-|- 
4 H 5 O)- This substance is so fluid w^hen it first fnses that it 
generally drops from the platmum wirCi It is btsl| there¬ 
fore* either to heat It on charcoal or plaiinnm foil until the 
wntcr and ammonia are expelled, when it can be easily 
taken up on tlie platinum loop which should be made rather 
small, or else to add the salt to the bead in small quantities 
at a time. The substance to be examined Is added just in 
the same way as with the borax bcad^ and the whole fused 
in the blowpipe flame. 

The action of tiilcrocosmic salt is to convert the oxides 
of metals into phosphates of a complex Daturc* Imparting 
characteristic colours to the bead when hot and Tvhen cold ; 
these colours often differ when the bead is produced in the 
oxidising or reducing tlame. Silica Is insoluble in the 
mlcTt)Cosjnic salt bead so that when silicates arc dealt witbi 
a silica skeleton appears In the bead. 

Sodium Carbonate. — Sodium carbonate has the 
chemical formula NagCOj-lOH-O. It is used in the reduc¬ 
tion of oxides or sulphides of metals to the metallic state. 
The jntoeral under ex am in at top Is fintly powdered and Iti- 
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timateJy mixed with sodium cartKinate and powdered char- 
coaij tbu mixture is slighdy moLsttmcd, placed io a hollow 
on charcoal and heated ia the blowpipe 113/0^+ The pow¬ 
dered mjoeraJ sliould arnount to about a third of the totaJ 
mixture. 

Sodium carbonate is valuable as a flux in die analysis of 
silicates as it then pans with carbonic acid and is cooxerted 
into jsodium silicate. 

Manganese and chromium give characteristic colours 
when introduced into the sodium carbooalc bead, owing to 
the formation of sodium aianganatc and chromate- 

Sodium sulphide is fortniJd from a sulphate by fusing the 
pow^dered mineral sulphate with sodium carbonate and char¬ 
coal on charcoal. TJie (used mass when placed an a silver 
coin and moistened gives a black stain of altvur sulphide. 
Mineral sulphides give the same reaction but can be distin¬ 
guished from sulphates by other tests. 

Tube Tests^— Rcadtions using the cZojed and open fu6ej 
are of great importance tn blowpipe analysis^ The closed 
tube consists of nairowr soft tubing cut into £-3 inch lengths 
and scaled off at one end. In the closed tube the assay is 
heated practically out of contact with the oxygen of the air. 
In the open tube^ w'hich consists of hard glass tubing of 4-b 
inch lengths and open at both ends, heating takes place In a 
stream of hot air and oxidadaD results. 

A small quantity of the powdered assay is introduced into 
the closed tube and heated, [n many cases a deposil called 
the jHhh'mafir is formed on the cooler parts of the lube, and 
the colour and nature of this sublimate may Indicate one or 
more of the elements present in the assay. Water driven 
out of the assay collects as drops towards the mouth of the 
tube. Agafop the assay may he converted by heat into the 
oxides of the metals present, and soma of these oxides have 
characteristic colours and properties. Thus brown limonite 
(SFcjO,.3HjO] IS converted into black magnetic oxide by 
the expulsion of water which col feels on the cooler parts 
of the tiibe. 

the ap^n tube, the assay is placed towards one end 
and the tube inclined. The assay is tlvus heated in a cur- 
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rmt of dir ancl is oxidised. Characterisdc or 

If fruit ffs are formed. 

Reactions,— The detect ion of several of tbe add radicles 
presem in minerals depends on the use of reagents^ such as 
the usual adds, powdered ma^esium* granulated tin, etc. 
For bstance^ carbonates give off carbon dioxide on being 
treated with hydrochloric actd^^ and some silicates gelatinise 
on being htated with the sarne add. These and other re- 
actions are given in the Tables of Bloivpipc Analysis below. 


TABLES OF BLOWPIPE ANALY’STS, 

FLMIE TEST 

Substance, either alone or moistened with HCI, or 

heated on a clean platliuim wife, colours the outer 
part of (he blowpipe fiame. 

CttffiEim Brick-red 

mail II m „, Crimson 

Li/fiiiiFrt ,,, De«?p crim'Scin 

m ,,, Yeltfl w . 

Pc<Aiiu#Fn Violet (masked by 4i3dluni^ use blue 

:Sl^tS3 filter tn view fiaitie] 

Barium *„ Yellow-green 

Copper ^ Emoimla-grEeti with HNO*; skv-blue 

with HCI 

T7ial7i«m p.. Bright green 

PrJtrtrt MmrLCfiLRfy yellowv^reen with HaS 04 

Indeliniie blue flames are given by dead, arsenic and antL 
mony; and indefinite green flames by dne, phosphorus and 
molybdenum* These elements are more satisfactorily 
detected by other tests* 


BORAX BEAJy TEST. 


ErEMESIT 

OxmieiHG Flame 

Resucjsg Flame 

fujn 

Yellow hot^ colourless 
cold 

Bottle-green 

(popper 

Blue 

Opaque red 

Chromium 

Yellowlsb-greeri 

Ememld-grecn 

Manganese 

■Reddish-violet 

CoTou rles'5 

CobaU 

Derp blue 

Deep bide 

^ick&} 

Reddlsh-bmwn 

Opaque grey 

Vranium 

... YelTowr 

Pale gnM?n 
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MICROCOSMIC BEA1> TEST. 


ElEMEKT, ETt- 


OxiDJmK^ tXjIMm 


iron 

Copper 

Chromium 

Mang^nc3^ 

CobMt 

^icfesJ 

Uranium 

T f m 

T'f/amfiFH 

^rffua 

CIlFonufi 


H EDUCING FeaUE 


Colpurtess to brownish^ 
red 
l^lwe 

Red when hot^ freen 
csid 
VipEet 
Blue 
Yellow 

Yellow wbi^ boi, yeU 
low-green eold 
Colourless 
Bright green 
CpTputT®^ 


kt^ddlsb 

Up^que red 
Green 


CulaUrle^ 

Blue 

kcddish<^yellpw 
Yelloiv-green fint, 
bright green CoEd 
Blue-green 
Green 

VeEluw hntp violet 
V E!)aM 

Rernpins undissolved In microcosmltr bead 
Satijrnte mlcrocofimie bead with enpj>er 
oxide; If a powdered chloride is added^ a 
rich bine- flame fnrrcninds the be^id 


SOUICM CARBONATE BEAD TEST. 



OXltn-fTNG pLAUli 


Qpiaqne blue-green 

Opaque yellow-green 


REA«:TiaXS ON CHARCOAL, 

i- Oxidation,—(a) Substance heated abne in oxitliainj? 
fljanie on charcoal;— ^ 


Element 

Arsemc 

AnfEfnony 

Lead 

Bismuth 

Stilphuf 

Tin 

M sflyhdrnutn 


^WCRC&TATmN OE Sl«ELL 

Whiten from ^ell of garlic^ 

White* near assay 
Yellow when hot^ white when cold 
Dark yejlow when hoi* yEUow when cold 
Dark oc^nge when hot, paler when cold 
hjTieU of sulphur dioxide 
Vellowr when hot, pflEer ur colotirlesa whtn 
cold 

VcIJow when hot, yelJpw or colour] eas when 
™Edr in reducing dame, blue 
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(b) VVbite cncrustatiaps and rei^iduesT obtained from (aj 
above, moistened with cobalt nitrate and strong-|y re¬ 
heated : — 


RLEME>iT, F,TC* 

CocOfR 

Tin 

Antimony 

^iagMsium 

dhimfiniiini 

FujiErj^ 

arid 

Encrustation grusis^reen 

Enurustatiou bltr-e^gnBen 

Encrustation dirty ^reen 

ReaEdue pink 

Residue blue and unfused 

Residue blue fused and glasiy-looking 

(t) Substance heated in oxidising fiame with potassium 
iodide and sulphur;— 

RCEMEK'i 

EMCfttr^ATIQH 

Lrad 

Bismuth 

\Urmry 

BiiEliant yellow 

ScEirlet; yellow neftr assay 

Greenish-yellow j ^nd greenlih-ydluw fume* 

2. Rcdliclion. — (d) Substance mixed with powdered 
charcoal and sodiuin caibonate aod heated In OKidisiiur 
Hame:— 

Eleme^tt 

Hkad or R^^tdue ODTAih^n 

/..Faii * 

Tin 

Silver 

Guld 

Bismuth 

Copper 

Iron 

Coirah 

f^ickel 

iioU malieabfe metallic bead; easiEv fused; 
marks paper 

Tln-wliite bead^ EOft and ixmlleable; not 
marking paper 

Silver-white malJeable bead 

Yellow bead, soft and malleable 

Silver-white bead, brittle 

Red spongy mass 

Residue strongly rnagnetic 

Residue feebly magnetic 

Residue feebly magnetic 


(c) Spcciiil RedurtkijrTei^ts for Titarnttm ajui Tanf^^sienr^ 
Substance fused with powdered chacraal and sotJium car¬ 
bonate; the residue hotled witJi hydrochloric add and few 
grains of g^ranulated tin 
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Metal 

CotOlUt OP SnUtrttOK 

T^ldnium 

Tungsten 

FniJi^ian blue 

Substance fused with powdered cbarcoal and aodmm car¬ 
bonate; the residue dissolved In concentrated sulphuric aetd 
with equal volume of water added; the solution b cooled* 
water added, then hydrogen peroxide added!-— 

Mp^al 

CoLQiia OF SoLimoii 


Amlier 

CLOSED TLtBE TEST. 

Assay heated in closed tube» either aloiie^ or with sodium 
carbonate and powdered charcoal, or with magtiesium : — 

EtiiMENT, ETC. 

* njisEiEVArujN 

Sulphur 

rsenit 

Mercury^ urilh 

sutphur ..X 

A rsenic, wii h 
jcid^huf 

dnir'fitd'ny, Wfh 
jTid^hup 

M ercury . 

d.fjsreTii'r 

PhojphatEj 

Oranfffi sublimate 

Black sublimate; smell of garilc 

Black sublimate^ red on rubbing 
Reddlsh-vellaw^ sublimate^ deep red w^hite 
liquid 

Brownish-red subUmale, bbrk tvhil^ hot 
Colourless drops 

Heat with sodium carbonatn and rharcOial; 

globules of tnermfy as subfimate 

Heat with sodium carbonate and chairual; 
black mirror of arsenic* soluble in ;KHniim 
h^pfirhlo cite 

Heat wilb magnesium; add w^ater^ Charac- 
tcrrlsfTC ^mell of phosphortftted hydrogen 

Assay heated in 

OPEhT TITBE TESTx 
open tube. 

Elehestt 

OastravATInH 

SulpkuT 

A rSEn ic *.. 

jlrdim^ny ,,, 

Sulphurous fiinres of sulphur dioxide 

White sublimate, ciysitaSliiie, volati3e+ far 
ni^y; $miA1 of garlic 

W^Ee sutiLininte near as^y 

VVhltlsh sublimate ttOhibie to colourless drops 
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Ac ED Radicle 
CarbanaU 
Sulphide it 

Fluotidif 

Chlarfil£ 

nfomsde 

fodtde 

Nitratf 

(I'QFTIf) 

Phosphate 

TaJiuridF 


REACTIONS FOR ACID RADICLE. 

Te^t 


With bvdfXHrhloric ncid, carbon dioxide 
evolved^ turntn^ iim e-water milky 
With h^'drocbbric add, suEphuretted hydro¬ 
gen ei'olved. AJso indicated by dDg4ed 
tube« open tube and dsarcoal ti^ts^ q.v. 
With strong sulphuric acid, gtnea&y bubbles 
of h>'draduoric acid evolved, causing de¬ 
position of a white film of silica on a drop 
of wafer held at the mouth of the tube 
With sulnhuric add and manganese dioiJde, 
greeni^rh chlorine evolved. ATsn detected 
by mlcTocosmic ^alt bead saturated with 
copper oxide* q.v. 

With sulphuric add and uumgariese dioxide, 
brown bromine evoked 
With sulphuric add and manganese dioxide, 
violet iodine evolvi?d 

VVFth sulphuric acid^ brown oltnTOB fum'K 
emJved 

VMih hydrochloric acid, gelatinise 
Silica skeleton iii mkrocosmfc saJt bead 
Heat substance on chaixoal with sodium car¬ 
bonate and powdered charroalt place 
residue on silver coiti and mulsten. Black 
stain Indicates sulphate (or sulphide) 

Heat ivith magoesiLiin in efosed tubcn add 
water; phosplioretted tiyilnqigen evolved. 
Al^ detected by giving a fu^ed blue mass 
when heated on rhartoaL moistened with 
cobalt nitrate and strongly rabeated 
Heat powdered mineral with a Httfe strong 
^ulphufTr add—reddisdi-vjDfct aofutipn'- 
^ colour disappears on adding irater to the 
cold solution and a grey precipitate b de¬ 
posited 
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SIBDTARY OF TESTS FOR METALS, 


^rummrtim 
A niimiyriy 

^fxAnic 

Banvm 

BUmulh 

CitJcium 

Codmiufn 

Chmmmm 

Cobalt 

Copptr 

GoU 

Iron 

trad 

f-f 1 hf um 


Heated on ctiarconl^ moistened with cobalt 
nitrate, Fjtrcrngly reheated—blue unfused 
residue 

Roasted on chBrcoal—whhe encmstalion 
near assay- Heated in open tube—white 
sublimate near assay. Heated in rla^PEid 
tube—red-brown sublimate, blank w'hm 
hot 

Roasted on charcoal—white eocni^iatton for 
from assays goiiic smell 
Heated in open tube—white vtahjitle sub¬ 
limate 

Heated in closed tube with sodium carbonate 
—black arsenic mirrorp soluble in sodiuTo 
hypochlorite 

Flame test—^yellow-gre^n 
Reductinn on rha renal—brittle be&d- Rciastcd 
with potowium iodide and Fulpluir—yeL 
low encrustatjori n^r a^say, otitic parts 
Sraii^^t 

Flame test—brick-red 

Heated on charroal with wdium carbonate-- 
reddlsh-hmwn snblirnatn 
Borax bea-d—i^reon; mlcrtjcosmic salt bead— 
greeny ifioditjm fiarboitate bead—vclLnw^ 
grttn^ opaque 

Borax bead—deep blue j mirTCMsmic; salt 
head—deep blue 

Flame lest—etneruM-green with nitric odd, 
aky-bltie w’lth hydrochloric add 
Borax bead — blue in nxidlslng flame; opaque 
red in reducinpij Bame 

Reduction on charcoal—red metnUic copper 
Reduction on charcoal—^ft malleable gold 
head 

Borax bead—yellow bnt, colnurless cold, tr 
oxidising BaniL*; iMtUc-giacn in reducing 
dams 

Reduction on charcoal—magnetic residue 
Reductjfi .111 on charcoal—malleabk: metallic 
bead+ marking poper 

Roasted with potass! um Iodide and solpbur 
—^brilllaut yellow encrustation 
Fliiime test—deep crimiSofi, deeper than 
ftrpntliJin flame 



THE CHBJHlSrrSiV OF MlNFlUAI^S 31 


Magtjeiium 
M arigants^ 


Metruty 


Mohhdenttm 


Nkkat 

Potassium 

Silui r 
Sodium 
Strontium 
ToUarium 


ThalUum 

Tilt 

7^tfffni44Tn 


T lirajJ-Tf fiit 


f V^n i]iTn 


Zinc 


HeaJrd uti diarc^^aJ, tnoi^tened with cobalt 
nitmttfp sirnngly reheated—pink residue 
Bora:^ bend—reddish-viulel in oiidislng 

flame \ colQurlc^ in reducing flame ^ 

M icrucDSHiTC bead—violet in oiMialng 

Hame ; colourlcsa in reducing flame 
Sqdiunn carbonate bead—blue-green^ opaque 
Heated on cbarccial with potassium iodide 
and -iiilphur—^graciiL«ih-yeiJow eEicmstation 
and grcenbjh-yelTow furncs 
H Edited in closed tube with sodium cariraaate 
and charcoal—gkjbuTts of mercury as cub- 
limate 

Microcosiniic salt bead—bright gnren in 
oxidising flame; dirty green hot, fine rich 
gnffln cold, in reductrig flame 
Roasted on charcoal—yellow hot^ yellow or 
colourless cold; in reducing flame, blue 
Borax bead—reddish-brown in oxidising 
flame; opaque grcv in reducing flame 
FlaTTie test—^vinlct^ view through blue glass 
filter 

Reduction on charenal—silver bend 
Ftame test—yellow 
Flame test—criTnscin 

Heated in erpen tube—w^hitUih sublimate,, 
fusible to colourless drops 
Heated with strcung sulphuric nrid, reddish* 
Violet solutlnn 
Flame test—bright green 
Reduction on charcoal—tin bead 
Mlciwosmic salt bead—yellow hot^ violei 
cold, in reducing flame 
Reduction with tin—violet solution 
Hydrogen peroxide test—amber solution 
Microcosmic salt bead—^blue-green in reduc¬ 
ing flame 

Reduction with tin—blue solution 
Microcosmfc salt bead—yellow hot, yellcnv- 
green cold, in nxidismg flame; yellow- 
green hot, bright green cold^ In r^udng 
flame 

Roasted on charcoal—encrustadon yellow 
when hot, w'bite when cold 
Heated on chorcoal, moistened with cobalt 
nitrate, and stni^igTy reheated—grass- 

l!nnrrt encrtistation 



CHAPTER II. 


CERTAIN PHYSICAL PROPERTIES OF MINERALS. 

INTRODUCTION. 

Minerals possess certain physical properties that are con¬ 
sidered in this chapter in the following order;— 

L Certain characlers depending upon light, such as col¬ 
our^ Siiitrcj transparency, translucency^ phosphor¬ 
escence and duDrtfscenqe. Other optical propertieif 
especially vaJuahle tn the recogmtlan of minerals in 
thin section under the mlCToscopc are dealt with in a 
Later diapter- 

n* Characters depending upon certain senses^ such as 
those of taste^ isdour and feel, 

IIL Characters depending upon the state of aggregation, 
such as form, pseudomorphism, polymorphism, hard¬ 
ness, tenacity, fracture, cleavage^ and surface tension 
effects* Cry stallography^ — the study of crystals, — 
is considered in the neirt chapter^ 

IV» The specific gravity of minerals. 

V, Characters depending upon heat, such as fusibilkyn 
V^J. Characters depending upon magnetism, electricity and 
radioactivity. 

i, COLOUR, LUSTRE. TRANSPARENCY, ETC. 

Colour.—Colour depends upon the ahsorption of Eome 
and the reflection of others of the coloured ravs or vibra¬ 
tions which compose ordinary w^hite light, \\hiefi a body 
reflecut light to so small an eirtent as not to affect the eve, 
it appears black, but when it reflects all the vibrations of 
the different colours which compose white Tight, it appears 
\yfiite. Again, if it reflects the red vibrations of ordinary 
light and absorbs all the other vibrations^ It appears red* 
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A blue mineral^ audi as sapphire, absorbs all the vibralions 
of white hg-ht with the exception of those that give the 
sensatioD of blueness to ibc eye. 

The tfofosir of a oiLacral es often its most striking pro¬ 
perty, Unfortunately for purposes of identification, hovr- 
ever^ the colours of minerals vary very greatly. Even in 
the same species specimens arc found having very chfTdrent 
colours- The mineral quartz, composed of silicon dioxide^ 
is commonly colourJeFs or tvJulfi, but it Is also found with 
pifikish-yctlowp green, browm, ametliy^tinc and even black 
cokiurs. Conindujn^ composed of alnmjna, varies in colour 
from pale brown to deep red and dark blue, the two latter 
varieties being the gemstones ruby and sapphire. The 
same crystal of a mineral may exhibit dlffereoi colours, 
sometrmes arranged in a regular fashion as in some crystals 
of tourmaline, at other times in patches as iu cer'Eain speci¬ 
mens of fluor-spar, calcium fluoride. 

The of a mineral is ihe colour of its powder and 

may be quite different from that of the mineral in mass. 
For instance, black hemalftc gives a red powder- Streak 
is obi^en^ed by producing a small quantity of the powdered 
mineraJ by scratching with a knife or file or by rubbing 
ihe mineral on a piece of unglazed porcelain or roughenied 
glass called a 

Some mineralsp w'hcn turned about or looked at in 
difTerent directions, display a changing senes of prismatic 
Colours^ such as are seen In the rainbow' or on looking 
through a glass prism.. This is called a play of It 

Ls sbowm by the diamond and Is produced by the splitting-up 
of a ray of w^hite fight into its coloured constituents as it 
enters and emerges from the mineral. Chongs of CE^four is 
a somewhat similar phenomenon esEending over broader 
surfnc^is, the nf colours being produced as the 

itilueraJ is turned. This phenomenon is excellently dis¬ 
played by oerlain v’arleties of the mineral fcispari the 
colours shown Including blues, greens, yellows and reds. 
Such a felspar is an ahundant constituent of a rock 
from southern Nonvay^ and polished slabs of this rock In 
which the felspar crystals lie in various directions are 
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usud (or LirnanK-iUnl purpci^f^. Tlie change of colour is 
caused by ihe interference of lig-lit reflected from ihin plates 
of other minerals enclosed >n parallel planes within the 
felsp^'ir, a nearly metallic lustre shown 1^ certain 

surfaces of the minemls hypcrsthcncT schilkr-spar+ etc., 
Is due to a somuwhat similar cause. Reflection takes 
phact <'iiher frtim minutt: plates armnged im parallel planes, 
or from cavities dut- to rhen:iica.l ai^tSon along i.-ertaln pnrullcl 
planes ^I'ilhin the minerxd. 

Opalescencif Is a somewhat pearly or milky' appearance 
shown hj opsil and moonstone. Iridescence is a display ol 
prisma Lie colmir?: due to the Interference of rays of Sight \n 
minute Assures which wall in tiiln Alms of air or liquid. 
These fissures are often the result of incipieni fracture. 
Iridescence may sometimes be seen in quartz, calclte and 
mica* The briUlanl display of colours given by the pre¬ 
cious opal Es dne to the presence of very thin curved or 
distorted layers whh slightly different optical properties. 

Some minerals tamivh on the surface w'hen exposed to 
the air and sometimes exhibit iridescent colours. This 
tarnish may result either from oxidation, or from the 
chemical action of sulphur and other elements which are 
geaerally present in the atmosphere in minute quantities. 
Tarnish may be distinguished from the true colour by chip¬ 
ping Or ficratching the mineral when the superficial nature 
of the tarnish is revealed. Copper pyrites often tarnishes 
to an i|-idqscent mixture of colours. The mineral cruhcscite 
tarnishes readily on exposure to the air, and some varieties 
are called peacock ore. 

Some Crystals display different colours when viewed in 
different directions hy transmitted Liglit. Tltis propertv^ 
called pfetifrhrotjTFtp Is considered with the special optical 
properties on a later page. 

LuAfre*— The lustre of minerals differs both in intensity 
and kind* depending upon the amount and type of reflection 
of light that takes place at their sueffaces. 

There are six kind^t nf lustre:— 

1. j:^£TalIt£.—Th^ cmUn^E-y iMStre t>r Tnetals. When feeblj ^Tisplajed 
Itiifi iB. irrtnpd sutmifenii. tlold* tron pyHtes amf gaTcrta hmvt 

41 metallic lus^Cff i nftd rupriie h."iT»^ a 5 uIkii(= lalhr luilfCr 
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fc. TM lustTfi of hrokEn glass. When less weJl devrh^KJA 

It is caTkd jjfbvifrgi^its instrt. Qaartz and rnck-Salt affurd eVAQ^pl^ of 
vftTcniil lustm^ caJcitc of mbTitrzoiis^ 

J^£iinaMT^ The liistr^ erf Ojaal, acnlief patl ,M]nie kinds of 

rlnc bEende liavA a resmaus liistTA^ 

4 . The Iu&ctc of a frtiLri U is ahoi^’ii by iUrfacet pai-alJEl 

to Twhlcb the ciilnerfll U Tnore or lea^ japarattid Into thso plaHK> 
j-eproduong ta ^anie aztent ihe cocaditqcini of a pde of thin t^lstss. ^hcccs^ 
Such as cover-j^Eassas. Talc, brucita and seiche ihov peazly lustre. 

B. Siity^ Th-e Slhltc uf silk. Tbis iw5trc Ei pecuHAr lo miner aIf 
hariag a fiktuus struemre. The dbrt>u£ form of gypsum kftOK'n ss 
Ba|ia- 9 pax, and the variety af asbestos relied aminnthus are good 
oiDTnptee of nitoerala having a Gilley lustre. 

e. AdaMSHtine^ The lustre of a dialttond, 

Tl]t lustre of minerals may be of diBFurfcnt of 

intensity I according to the aniouoi: of light reflected from 
their 5iirfaces+ Thus, when the surface of a mineral is 
sufficiently brilliant to reflect objects distinctly, as a mirror 
would dOp it is said to be splendent. Certain varieties of 
hematite have a splendent lustre. When the surface is less 
brJUIant and objects arc reflected Lndistinctiy, it is described 
as shining, WTien the surface is still less brilliant and is 
in^pable of givJr^-- any image, it Is termed gh'sfcuing, and 
gtimm^nng denotes a still more feeble lustre. IS^rinerals 
with no lustre are described as dw/l. 

As shown later, the varituis siirfajces of a cr^^stal tuny 
show different kinds and degrees of lustre. 

Transparency and Traitslucency, — A mineral is 
iransf&rcnt when the outlines of objects seen through it 
appear sharp and distinct. Rock crystal—a variety of 
quartz—and selenite are good examples. Minerals are 
said to be subtransporent or semitransparent when □hjecis 
seen through them appear indistinct. A mineral which, 
though capable of trailsmirdog light, cannot be seen 
through is transltiCenL This condition is very common 
among mtnerals^ When no light is transmitted the mineral 
LS apaque, but it must be noted tliat this rcfersi only to the 
appearance as usually seen. A large number of apparent!v 
opaque minerals become translucent uhen cut into very thin 
sections, and this property Is of great importartec, as shown 
in a later chapter, in the identification of minerals in rocks. 
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Many Buiuerals wtiiL'h are opaque in the mftss titt translEiCent 
OD the sharply broken edg4s and to aphotersp as in the case 
of the comTtidn black flint from tlie Chalk of the south of 
ElDgland. 

Phosphorescence and Fluorescence. — Phosphortrs- 
cence is the property possessed by some substances of 
emining light after having been subjected to certain con- 
didaas ^uch as heatingp rubbing, or exposure to electric 
radiation or tp uJtra-violet light. Some varieties of fluor¬ 
spar, when powdered and heated on an iron plate, display 
a bright phosphorescence. Pieces of quartjf when rubbed 
together in a dark room emit a phosphorescent light. Ex- 
pasiiTE to sunlight or even ordinary dld'used light elicits a 
phosphorescence from many minerals^ as may be observed 
by transferring them rapidly to a dark room- Diamond» 
ruby and certain other minerals sfaow^ a brilliant phosphores^ 
cence after exposure to X-rays+ Wiliemite, sflnc ortho- 
silicate, phosphoresces when exposed to X-raySt ^ fact 
employed to make certain that this mineral has been 
completely extracted from its ore* 

Some mineraJs emit light wbrlit exposed to certain elec¬ 
trical radiations. This phcDomenon is best exhibited by 
fluor-spar and for this reason is called fiuoresceftce^ 

n. TASTE, odour and FEEL. 

Taste. —The characters of minerals dependent upon taste 
arc only perceptible when the minerals are soluble io water. 
The foUoiving are terms used in this connexion^— 
the taste of coaimon salt; iiifeafiFie, that of potash and soda ■ 
moh'jig, that of nitre or potassium chlorate; a5fniigent, thaj 
of green vitriol; asirin.g€utj that of aJum; hiftcr, 

that of Lipsom salts, and mar, that of sulphuric acid. 

Odour. —Some miiifrals hiivc characteristic odours Tvhen 
?trucks rubbed, breathed upon or heated. Terms used 
are :~ 

AEtacffyziS —!b* odoUT of giveo whcD aiMilic: ir^mpoaBdai kte 

tiFatid, 

//tfj'jf.fSifLr* —thfi ndirar nf decayip^ horEC-radilsh, g^iven when 

acJflpLmn oampcrujids on iLEatfd- 
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Lhc oJoUT ol burning aLlIphiUi uti by pvritM 

whexi atruiik, or by many stilpbidea Vt'li&n heated. 

F^h '^ — tba Ddoar qf rbllcn gji^l bv heatiii^ or rubbing 

certain rarieti« oi quaxtr or bmealone, 

ArfilhftvPi tfr Clayey—iho odocn of clay ^’Iveu broaibed upon, 

FwL — Smooth, greasy or Jia/Or tti^agre or 

Fou^^i, iire kinds of feeJ of minerals that may aid in their 
identification. Certain Aiinerals adhere to tfte 


\IL STATE UF AGGkKGATrOM. 

GaseB and [iquids. — Oxygen p nitrogen and carbon 
dioxide are example!) of natural gases; and walefp mefcury 
and petroleum sre examples of natnral liquids. 

Bnllds.— With the exception of mercury and the natural 
mineral oils.* all the minerals with which we have to deal 
are found in the solid state, and the properties dependtmt on 
their state of aggregation are now coELsidered. 


Form,— ^Under favourable circumstances minerals assume 
ceriain dhhnite geometrical forms called crystaJs, the 
rexrognition of which is a valuable aid in the identification 
of minerals. 


Crystallography or the study of crystals is dealt with in 
the next chapter^ The following general descriptive terms 
are associated with the crystal characters of minerals:_ 


Cry//jJh'W—i tann donctiog that tbc nbperal cKCUra u wbIJ^ 
developed tryaiah. Most of dm bfeaatiful specinEfins in 
are of EiyetaJlised inmc rjils. 

C^yitallj„c—R leriH ds tinting tjimt na dsfioits ervSTiis ar* devdoDed 
but a ccnfiiBed »ggfegat« ef i oiperfietlj (orujed cirataJ irAlii 
lia™ interf«ted Witt ont tttlnlhef dtuinn lieu srfCwtL 
Cr}f/Hen)Utai!iiie^^ aestnl tenn to denote liie MSSoatiSn rf mere 
trews tif ciystelliDe ittuEtuxe. AirntrpAvxi U tised to ileScnlie 
tie conttilele abaanee of cryslalliiie atruclufS, a wndilitm found in 
uw naturaj glflsaaa but rare in miDctals. 


Minerals assume various indeterminate forms that are not 
ncoesaarily dependeat qn crystal character. These forms 
are described by the following lenns, which have their 
Customary meanings: — 


Acii^tiJar —In fine cryxtalfl, in ualrolite. 

AE with the miorralH Yn&wn a% 
which EKcnpy ibe alttiond^shaped Btcam caviliaa ctf Ievm 


ELEMEWT2S ur MlNERALDCiY 


forma shaped lika r Imiifl-bSflde or a a form ctmi- 

tncnljf crh tailed bf riittJiy mOinum spocimeiiH of IcyanitE, 

B^frym’fisl —tomlsting g( iphernidal aggrc^ationB, Bomt-what to- 
^mbllog- a bo ocfi o£ g as wild cfeakcdnoy. 

CfSjfilldry —cahihitifig a ^ifi^ hair-likB form aa in miliBritc^ nkkol 
SoJphldn, ’whence tbe nflmc capLUary pyritM or hair pjxEiaS for 
ftiich variaiia^ of tbii mlDSfal. 

r«/an?^iTr—aliowiqg a fortrl riS^^rilhiitlg alcodELF colunma^ as Ld hortl- 

bteodc, 

C&tifrsttenury —IctttlS applied to mitierals «^b[ch are 

found id deJaclviiii maaseij ihc forms being ayibtSrical, 

Dr irrcBnlar, mi in the Oidt aodultt found in the CHilk of thts 
Motb of England, 

I^tffdrific attif — tree-like Of mOfii-likc fanns, usoallY pto- 

dm-ed hj iba depoaifion of tbe itiinetal in very narrow pkniA or 
cm-ices, aa wtth tbe dnndrltca ai rtittnganne oxide, 

noitaisting ol fip* Ihread-like fttianda., as fiibihited by the 
Tarinty af gypsum caUed satin-spar, and by asbestoE, 

beti^r, —causinUng ot tbFn add Separable 

lamrllm or leaves, aa wilb mica add oltiar mtiaesoHJ micerals. 

^raaoJijr—in grains., eitber roarse or fine. E^'ealy graniilaf angic- 
cates of mmcralss such as in marble, arc often UrOlcd lac^ 
xJi^reii/ai from timir rcScmblancn tQ IdOtp Stigar. 

ZdiRfii'ar^^-ConsLsiiiig of Separable plAtKl or tenves ivicb wol- 
losEnnitA. 

L^Hiifular —wilb dse form of iJatlencd balls or pcllela, :SbOw.'n by many 
cormrEtioiiary and nodular mincnalfl. 

2/aMmiiiaftd —dEspiaying large mdtnaUj interfering spberoidal sur¬ 
faces, as in malacbitc. 

—sbowing crystals or fibres arranged around 
a ceintral paiot, as in sfibnite and in many cases of concxctiiidary 
formm 

^^aj7arffl-*dddnaj-ahsped, the rounded surfaces of tbe mineial ic- 
scmbling ibose nf kidneys and sho^n in pcTfcctiod by the variety 
of bematite called biddey irtm^rc. 

m Ibe fottn Di crois-meahrt like a fietj aa with the 
Turile needles found ic 9Ctne micaii. 

Jrd!y^in smiill platen a'a with tridymite, 

JfffV/ttTf—abowing fibres radiating from a centre to produce star-like 
fonil9, 03 l^ifb wavelliEi!, 

TfiZmior —sbnwinq broad dat surfaces., as with woHa^tani le ur tabulai 
spar, 

—sbowing very iiTegolar rounded surfaces often giving rise 
to gnarled, rootlikc shapes as ln tbe variety of ara^gonite called 
iiDs-ferri. 

W'iry Ur — in ibtn wires nlicn twisted like the itrands ol a 

Tope, and shown Well by native silver and capper, 

PseudDmorphiBm.— Pseijdoiiioqjhlsni \s the assLirttptiem 

by a mineral ci a form other than that whkh really belongs 

to It. P&eudornorpbs may be formed in several ivays: — 


i [LkiM\ l•SlvsI£ M or mimlwaus 

rl) A ji^Uflomorph hy uiVi‘Ahiu'iit nr /FJtT2kTfdifjf>n is prij- 
duced by the deposition of a coatiiig of one mineral 
on crystals uf aiiolliitr^ I nr e:caniplt.-^ ijUarlic nn 
fluor-spar* 

(2) A pseudomorph bj infiltratwn js formed when tlie 
cavity previously occupied by a certain crystal is re¬ 
filled by the deposition in it of different mineru] 
matter by the infiltration of a solutionr 

(3) A pseudontbrph by replacement arises bv the slow 
and ^aduaJ substitution of particles of new and 
different rnineral matter for the origlnaJ particles 
which are successively removed by ivater or other 
solvents. This kind of pseudomorphism differs froni 
the preceding in tfie circumstance that the new 
tenant enters before the old tenant has entirely 
evacuated its quarters. 

(4J A pseudomorph by ufteraHon is due to gradual 
chemiciil change whii'h cry^stals sometimes undergo, 
their competition becoming so altered that they are 
no longer the same minerals, although they still re- 
tain the old forms. As an example may be instanced 
the common alteration of olivine to serpentine, 

Pseudomorphs may often l>e recognised by a want of 
sharpness in die edges of the crystals, whilst their surfaces 
usually present a dull and somewhat granular or earthv 
aspect. 

PolymorphisiTi-— It has already been mentioned that 
two minerals of markedly different physical properties, such 
as colour, hardnesSt crystal form, specific gravity, do., may 
have identical chemical compositions. Such sul^tances are 
said to be dimarphcus and illustrate the general property 
of polymorphism. The minerals making up a poly¬ 
morphous series are composed of the same atoms but havr 
them arranged ou different plans so that their physical 
properties differ. 

.As an example of dimorphism we may take the two forms 
of calcium carbonate occurring as the minerals caJeite and 
aragonite. These two minerals form crystals of quite 
diffprtrt lypes, their optical properties are differert, and 
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aragonite is hftrder and has a hig'her specific g^ravity than 
calcitc. Ag-ain^ the physically very dissimilar diarnond and 
graphite are dimorphous rGrms of carlxui* {See Fig. 6©.) In 
nature titanium dioxide^ occurs In three forms or is 

tnmorpliDus- I he mlneTal auatase has a specific ^avity 
of S 0, brookite of 4 15, and rutile of 4 Sd, and their other 
physical characters are dissimilar^ but Id cbemfcaJ com¬ 
position tJjcy are all titanium dioxide^ Jt is probohle Uiat 
the tpuperaturcT pressurcp concentration, etc-t opcirativc at 
the time of formation of the mineral control what variety 
shall be produced. 

Hardtie^ —Hardness varies very greatly in minerals. 
Its determination is one of the niosi important tests used 
in the Identification of minerals and may be made in several 
ways. 

Hardness may be tested by rubbing- the specimen over 
a tolerably fine-cut file and noting the amount of powder 
and the tlcgrce of noise produced in the □peratiou+ The 
less the powder and the greater the noise, ihe harder is the 
tnlneraL A soft mineral yields much powder and little 
noise. The noLse and the amount of powder are compared 
with those produced by the minerals of the set u&ed as 
standard examples for hardness tests. The scale in general 
use, and known by the name of Mohs* SoaU of Hardness, 
is given belpw^ It is important to note^ however, that 
these itiincrfils do nor advance in any definite or regular 
ratio of hardness. 

Mohs" Scal^ of Hardness. 




Standard Mhieral, 

1 

_ 

.. Talc 

2 

. r. 

Rock-saJt, or gypsum 

3 ... 

... i 

Caklte 

1 

^ ... 

+ . I 

... Fluor-spar 

5 

... 

..r Apatite 

fi ... 


Orthoelasc felspar 

7 

... 

p.. Quartz 

E ... 

.. . 

Topaz 

0 

■!» 

Corundum 

10 ... 


^.. Diamond 
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WinduTv-glass may be used In an emergency frs Ji atib- 
stiiuta for apatite^ and flint for quarU- 

The hardness test may al.so be made by endeavouring to 
scratch the specimens enumerated m the list with the 
minerat unefer ex aiu inn Lion. If^ for exampic^ the min era] 
scratches orthoclase felspar but docs not scratch quartz, it 
has a hardness between 6 and T, A greater precision is 
sorncHmes attempted by giving the hardness as 
according to whether the mineral in question approaches 
more nearly to felspar or quartz in hardness. 

Hardneiis may also be tested by means of a penknife 
or even the finger-nalh the former ficratcbing up to about 
6i. the latter up to Finger-nails, however^ vary in 

hardness. 

Several precautions are to be observed in testing hard¬ 
ness. A delinite scratch must be produced in the softer 
mineraJ and I his Is best seen by blowing aw^ay (or licking 
aw^ay, if the observer cares to) the pow’der produced by 
sGratditng and then examinmg the place vvlih a len5. A 
softer mineral drawm across a iiarder mineral often pro¬ 
duces a u hktlsh SI ripe w^hte h may be ini&takeo for a scratch 
in the harder mineral; in the same way an attempt to 
scratch liardcr minerals with the knife produces a steel 
mark on them. Granular specimens may give a kind of 
scratch by tlie breaking out of the mtneral grains. Finally^ 
it IS of course neriessary that a fresh surface, that is, one 
not coated with decomposition products or the like, of the 
mineral Js subjected to the hardness test. 

During the hardness trial, the colour of the powder 
produced by the scratch is observed, this giving the streak 
of the rnineraU 

Tenacity* — Minerals possess certain properties depen¬ 
dent upon their tenacity, of w^hich the following are the 
most Important i— 

(a) mineral ffi said Ua he astile whaa fX CflJl be tikt 

with A knife and ihe resuhing: Elina break's np undar a hammer. 
Examplea graphiEe, arfiflJilej ^ypsum. 

fbj .l/dZJ^itapYiVy.—A Enineral is maUeahlc if a slice cut from ii 
fl*Cterns not ond^pt a hammer. Enampi&inittiva gold, silver and 
iioppcr. 
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(•■il F^i!jetdili(y ii ibn prcxpflrty ai bending. In Boine mincfAlH il 
can 1>9_abHn'_ed by eiperiTnentiJIg wilt tbeir plltei nr laminit only. 
A flig'Xibld mineif-sl remaina Ikd[ after iTie prtsfliiro ia removed. 
E^a-Eupld :-^tale, acknite, etc 

(d} as lim tarm ift tilualLy etpplorcd in mLnendPgy, 

dlffera fctun flexibility in ite fset ttat ibe portion bont aprsnee back 
to ila iDrnter pnaition. Mica yi^di flniihle elastic plalca, wbllJt the 
somewbat aundar mineral, chlcritE, giifca platei that axa flexible but 
□□t el»5tic. 

Je] BHUUsfss 19 a 4:hara£:tar cemtnnD to many Klincrab and 11 
shown by their ernmbSing or flying to powder inetead of yielding a 
alice. Fxwnpksiron pyrites, apatite and fluor-spar. 

Fractare*— It \& very iinportant to note the charfleter^ 
of the fr^cture-s dkplayed dq the broken or chipped surfaces 
of midernJs. It is equally important to dlstin§'Ui 5 h bettv-een 
the smooch Eat surfaces resulting from what is called the 
cleavage of a luincral, and the irregular surfaces char- 
acterLsing true fracture, these latter being totally indepen¬ 
dent of cleavage. Whilst the fracture is ao important 
diagnostic character and, further, a recent fracture reveals 
the true colour of certain minerals, it is unwise to break 
or chip good crystals, as crystalline form is a far more 
valuabTe and coos I ant a character by which la determine a 
mineral than its colour and, in many cases, than Its 
fracture. 

Fracture is said to be; — 

m —Tlw mineral breaks with a corTcd concave er 

canvex fraeturo. Tbii often showg cOD^tlUric and gradually diminfsb- 
ing iinnulatioilH toward* ibe point of perctisainn, somewliai rc^SemblinB 
the Lnea of growth on 4 abcB. Conchaidal h-actuie U weH ibown by 
quaitxg fliQt and naturBl glasses, 

Evtn . — ^Tho frartnrB-surfact li flettiah Of nearly flau 03 in 

chtH. ^ 

( 8 ) UnaviM ,- — ^Thfl £rfcbire-au rfate ia rongh by leason of mfiiutE 
«kvatkna and deprtisinna^ M09t minefiak have au unevno fracture. 

f4) ffafkljf . — The suifacfl ia stodded with Eharp and Jagg&d 
tiona^ as in caat-ip&n when broken, 

45^ Aa in the fractoxe of ebaJk^ tneerschaum, etc. 

Cleavage^ —The tendency to split along certain definite 
planes — the cleat^age-^kfiej — possessed by many minerals 
15 closely related to crystalline form and the internal 
structure of the crystal. In each cleavabic mineral, 
the directions of the deavagc-planes are para l td to a certai n 
face or to certain faces of a form in which the mineral may 
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crystallise. Tfi the plane ol cleavage ihe atorns of the mineral 
are more closely packed together or the muEiial electrical 
charges are greater than In directions at right angles to Uue 
cleaTOge-planCr This ]>fanL\ therefore, is a plane of least 
cohesion and hence splitimg or cleavage easily occurs 
along It. (See Fjg, 770 It i^ important, as already slated^ 
to distinguish between fracture and cleavage, as the former 
is irregular and not connectefl with the crystalline structiire 
of the mineral. Substances w'ith no crystalline structure, 
that is, amorphous substaoceS;, show no cleavage. Cer¬ 
tain rc^ks, such as slate, which split readily into thin sheets 
are said to be deeved, but this property of slaty cleavage^ 
as it is best called^ is the result of reCrystallisaEion pro¬ 
duced by pressure and has no L onnesion with the cleavage 
which exists in minerals. 

Minerals may dcave in one, three or more direc¬ 

tions, but one cleavage is generally to be obtained with 
greater ease than the others. Cleavage is described by 
stating the crystallographic direction followed by the cleav¬ 
age-planes and the degree of perfection shown by such 
planes- With regard to the latter^ cleavage is described 
as perfect or eminent^ good, distinct, poor, indistinct, 
difficult, etc. As examples of minerals with perfect cleav¬ 
age, w'e may give fluor-spar, galena^ caJeite, and mica. 
Fluor-spar commonly crystallises in cubes; if such a cube is 
taken and tapped w^ith a hammer it will be found to cleave 
along planes truneating the corners of the cube, and if this 
cleaving is done in a re^lar way an octahedron is pro¬ 
duced. Fluor-spar is said, therefore, to have a perfect 
cictahedraT cleavage, and to give octahedra as its dtavag^- 
fragments. Galena^ which also crystallises in cubes, 
cleaves parallel to the faces of the cube, so that its cleavage 
13 cubic and its cleavage-fragments are cubes. Calcke, no 
matter what shapes its cry^stals are, produces rhomhohedral 
cleavage-fragments on being cnished- Mica possesses one 
perfect cleavage parallel to which exceedingly thin sheets 
nf the mineral may be split ofT (see p. 144). 

Cleavage Is a very important property in the recognition 
of minerals, Ixjth in the hnnd-spedmen and, as Is shewn 
later, under the microscope. 
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adcl secondary ^re related to 

cleavag'-E*^ and are produced So. a mSiieral liy precis urc. For 
Exarnpk, dnring^ the preparation of a thin slice of calcile lot 
examioatioll under tVie microscope, the pressure of gtlnd- 
in^ the mineral may cause it to sho%v an citcelleut ch^avage 
and some Sfoondary twiTinlng-, Twinmnfj Is discussed in 
later pages. The secondary twin-planes ^nd tlie gliding- 
planes are often planes along which the mineral separates 
fiiirly readdy — such planea arc called parnngi. 

Surface Tension Effect:^*— The difference in adhesive 
powder of various liquids to different minerals has formed 
the bsEsis for numerous processes of Oft separation and con¬ 
centration. The surface tension between various metalhc 
sulphides and oil is greater than that between the gangue 
mmerals quartz.^ calcite, etc^, and tlie same medium. In 
the original Elmore Process a paste of sulphide and gangur 
was mixed with ail and water and agitated; the oil 
separated into n layer above the water and carried the 
sulphitlea with H. Somcivhat the same prindpk underlies 
the method of extracting diamonds from their matrix, blue- 
ground, by causing them to stdhere to grea<>e upon shaking 
tables. The various Flotation Processes depend cn surface 
tension, fn these, bubbles of gas or air attach themselves 
to say^ fine-powdcred ^nc blende, agitated in oll-tnixturesTi 
and lioat this mineral to the surface, leaving other sulphide^ 
and gangue maienal at the bottom of the liquid. By vary¬ 
ing the conditions of fiotation cleati separations of various 
ore-minerals can be produced and in this w^y the working 
of mixed ores has been made ecouornically possible. 

IV. SPECIFIC GIL^VITY 

Specific GrR\ily,"Tlie specific gravity of a body Is the 
ratio of the weight of the body to that of an equal volume 
of water. This latter weight varies with the temperature^ 
and this varration has \o be considered in exact work. In 
tlie genernl prai'd^'T^ of dcternilnatiYe minvraJogy, hivwever, 
this corrcrtlou can be ncglccU*iL In selecllng mat trial for 
the determ Inal ion of specific gra’^Hly it is noiressary to 
obtain as pure a sample as possible ;md fpi^e free' From altera-’ 
rion products,, mclnsions find the like. 
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The cilirdifial principle employed m most determ mat 1 on* 
of specific gravity is that the loss m weight of a body 
imjnerBed In water is the weight of a volume of water equal 
to that of the body. If W* is the weight of the body io air, 
W,, its weight in ivater, then ' W, is the weight of 

the water displaced by the body and the specific gravity of 


this IS 


W. 


W,—W, 


Methods of Determining Specific Gravity. The 
following arc the chief methods of rklermining specific 
gravities iii mineralogy, the particiilai' method chosen 
ricpcnding usually upon the ske and charactot of the 

specimen under exarnTnation. 


(i} With the ordinary chemical balance, for fragments 
of a solid mineral about as big as a walnut- 
fa) With Waiker^s steelyard, for large specimens. 

(3) With Jollyspring balance, for very small specie 
mens. 

(4) By measunug the displaced water, for the rapid 
determination of the approximate specific gravity of 
a number of specimens of a mlneraL 

(fV) With the pycnometer or specific gravity boUle. for 
friable mineraLs. small fraj;,^ments or liquids. 

(fi) With heavy liquids, used mainly for die .separation of 
mineral mixtures Into their pure components accord¬ 
ing to their specific gra^''5tles^ but also for approxi¬ 
mate determinations of specific gravity of mineral 
grains. For this latter dEtenminatioD, the dlfFusion 
column and Wcstphal Balance may be employed. 

(1) Deterrnimihn af Specific Grainty mth the Chcmicai 
Balance. — The mineral is weighed on a good chemical 
balancr. It is then suspended by thread or very fine wire 
from one arm of the halanee and immersed in water con¬ 
tained in a beaker standing nn a wooden bridge placed 
over the scale-pan. Bubbles of air sticking to the mineral 
are remov ed bv a small brush, and the weight of the mineral 
immersed in water obtained. The specific gravity of the 
mineral Is given by dividing its weight in air by the differ¬ 
ence between its weights in air and water. 
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(£) Stealyard^ — This inslruineDt is Useful for 

determining the specific gravity of large spccLmens^ and is 
shown in Fig^ 3, The essential part of the apparatus is 
the Jong graduated beam which is pivoted Dear one end find 
counterbalanced by a heavy weight suspended to the short 
arm. Ihe apecirnen is susp^ded and moved along th<; 
beam until it counterbalances the constant weight, the level 



I»sition of the beam being observed by a mark on the up¬ 
right shoviti on the right of the figure. The leadmg (a) is 
taken i The specimen h then immersed in water and moved 
along tiic beam until the constant weight Is again balanced 
and a second reading (b) is obtained. The readings (a) 
and (bj are inversely praportional to the weights of the 
body in air and in water respectively. Hence — 

1 

Specific Gravity = . ^ - - = -- ^ 

*_ _ 1 b — a ■ 

a “ b 

whence the specific gravity is given by dividing the second 
reading by the difference between the second and first 
readings. 

(3) /oJfy'j Spring Balance , — This Instrument consists of 
a spring su^j^nded vertically against a graduated scale and 
is illnstrated in Fig. 4. To the lower end of the spring are 
attached two scale-pans, one below' the othcTp the lower 
scale-pan being always immersed in water. The reading 
fa) of the bottom of the spring on the scale is obtained. 
A small fragment of the mineral is placed in the upper pan, 
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and a second re^diii|r (bj taken. The specimen is then 
transferred to the lower pap, and a third readings (c) taken. 


Then (b —a) is proportional to the weight of the mineral 
in aJr^ and (b-c) to the loss of weight in water, so that— 



{4) Meastiremjini of the Displaced Wat^r.—Th^ specific 


gravity of a large niiniber of 
pieces of a uniform mineral may 
be rapidly obtained with a fair 
amount of accuracy by half 
idling tvith water a graduated 
cylinder of suitable size, and 
placing tlierein the previously 
weighed specimens, and noting 
the increase of volume- The 
w^eight in grammes of the 
mineral in air, divided by the in¬ 
crease in volume in cubic centi^ 
metres# gives the specific gra^’ity 
of the mineral, 

(5) The Pycnometer or Speci¬ 
fic Gravity Bottle .—The pycno- 
meter is used to obtain the spect- 



Graduated gravity of liquids dr of small 


Mirror fragments of niEnerals, geens^ or 


portjus or friable material- ft is 
a small glass bottle fitted with a 
stopper through w'hicli is a 5ne 
opening. When filled up to a 
certain mark or to the top of the 
stopper, the bottle contains a 
known volume of liquid, so that 
by weighing the botlk empty 
and then filled with liquid, 
the specific gravity of the 


latter can be obtained. If 
the volume of the bottle is 


Fig, 4,—J^slly^a Spring 
Bilaoce. 


not knowm, the spedfic gravii^' 


of a liquid may be determined by weighing the bottle 
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empty, then Glled ^vith water, and Rnally EHetl with 
the liquid^ whence It h clear that the speci^c ^avily 
of the laster is g:iven fay dividing the wfcig-fat of the liquid 
by that of the vi-ater^ since their volumes are the 
same. 

Id determining the specific gravity' of miDeral fragmentSt 
the mmeral is first w^cig-hed. The botlk ts filled %v]th dis¬ 
tilled water. Both the mineral and the filled bottle are 
placet] jn the same scale-pan and their combined weight 
ahtained. The mineral is then put Into the bottk from 
which ft displaces an equal bulk of water, and the Aveighl 
again detertriined* The wxighi of the water displaced Is 
given fay subtracting this last weight from the preceding. 
The specific gravity is obtained fay dividing the weight of 
the mineral by the weighE of the w'ater it displaces. 

(G) The Use of Ifeo.'vy Utjnlds. — If a mlicmro of two 
minerals of different specific gravities Is placed in a liquid 
w’hose specific gravity lies between those of the minerals^ 
the heavier mmeral sinks In the liquid and the lighter 
mineral floats and thus a more or less complelDe separation 
□f the two minerals can be effected. Furlhcr, fay varying 
the specific gravity of a liquid a point can be reached when 
a given mineral placed tn the liquid neither fioats nor sinkfi; 
the specific gravity of the mineral and that of the liquid are 
then the same and by detenninatlon of the latter rh* specific 
gravHty of the mineral can be obtained. These two prin¬ 
ciples are tine basis of the use of heavy liquitfs in 
mineralogy and petrology. 

The following are some of the materials used 

Brotnofann. Bp. st_ 2 B \ Diluted -with benaine Ot 

’Vfcthyleufl iodide, Bp. i^r. 3'^. [ iflrthy'latEd spirtL 
Mercury pnlasBiiiin ludidc 1 

fThdiilefB Uqofdfa sp, gr. 3'17 [ 

Cadmluin’ bcrotuia^^tate f 

(ElcinV SohitEtFo), Bp. i^r. 3-2S ! 

ThnTTiitm ferinatr and aiali^nAle ijuuiea 

fClerirt^ Sr)liitIoa)+ sp. ^r. 4 0 
M^raircus nil rate water. 

rcrysr all fete-, tneTta at 70'C}, sp. ^r. 4>3 I 
thallium stifer uirraie 
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T he variDiJs precautions necwsairy in the use of theae liquids 
are given in the larger textbooks. 

Heavy liquids are used for (be purification of mineral 
material for analysis, for the separation of a rock into its 
component minerats and especially for the separation of the 
small amount of minerals of relallvely high specific gravity, 
the hi^avy residues or in certain rocks. For all 

these purposes^ the mineral or rock must be disinicgxated 
by crushing, use of acIdSp ntc.^ until particles composed of 
single mmerals alone arc present. Dust Is washed off find 
at various ?«tages the material is sieved. The prepared 
materia] is placed in the heavy liquid contained in a jepariit- 
ing /iiHfiel. The simplest form, and the best^ of this 
apparatus consists of an ordinary filter funnel to ^vhich is 
attached a short length of rubber tubing capable of being 
closed or openetl by a press-clip. The mixture of material 
and liquid i-S gently stirred^ or agitated by pressing the tub¬ 
ing above the clip. Minerals lighter than the liquid flo«t 
to tlie top, and those heavier sink to the bottom and can hr. 
drawrn off through the tubing. By varying the specific 
gravity of the liquid^ a pure separatioo can be obtained. 

In the determinallon of the specific gravity of a mlnerai 
by heaw liquids various methods are used- In the first, 
the heavv liquid is diluted until the mineral neither sinks 
nor rises in the liquid but remains suspended. The specific 
gravity of the liquid, and therefore of the mineral, is deter¬ 
mined bv means of the pycnometer (If there is a large 
amount of (he liquid) or by using the Wesiphal Balance. 
In Ehts+ n sinker is Immersed in the liquid and balanced by 
riders on a graduated arm. The arm is usually so 
graduated that the fipecifio gravity of the liquid can be read 
off directly. 

For resting the specific gravity of small samples the 
diffitswn entamn is used. Turn perfectly mixable liquids of 
different specific gravities are placed m a graduated tube 
w’^fcthout mixture, and aTloiiVcd to stand for a day or more 
until regular diffusion of the hvo hquids has taken place. 
Tims tb formed a cotumn of liquid in which the specific 
gravity vanes regularly from top to bottom. Small frag- 
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merits of known specific gravity are placed in the liquid and, 
coming to rest at particnlaT points in the columD, serve as 
indices. A small quantity of the finely powdered sample is 
Introduced, and iLs several cssnstituetits separate Into bands 
with different specific graviries. The specific gravities of 
diese bands can be told by their posittnns with regard to the 
indices of known specific gravity- 

V. CHARACTERS DEPENDENT UPON HEAT. 

Fusibility.— The relative fusibility of certain minerals Is 
a useful character as an aid In their determination by the 
bloAvpipe^ A scale of six minerals^ of which the tempera¬ 
ture of fusion was supposed to Increase by somewhat equal 
Steps, w'as suggested by \"on KobelL These minerals are 
stibnitc, natrnlite, ahnandine garnet, actlnolitc, orthoclaset 
bronzite. All that can be said of this scale is that stibnlte 
is easily fusible, w^hiLst bronatte can hardly be fused in the 
ordinary blowpipe. The approxirnatc melting points of the 
minerals of Von KobelFs scale are; stibnite 5S5*C, 
natroliie 905", aimandioe garnet 1200^, actinolite 1296", 
orthoclase 1200*, and bronzite J3S0** 

Vt. CH.ARACITRS DEPENDENT UPON MAGNETISM, 
ELKCTRTCITY AND RADIOACTIVITY. 

Magaetisin^ —Magnetite, and in a less degree pyrrhotitCj. 
are the only minerals affected by an ordinary bar magnetj 
but a targe number of minerals are attracted In varying 
degrees by the electromagnet. Minerals con lain ing iron 
are generally magnetic, but not necessarily so^, and the 
degree of magnetism displayed does not, in all cases, 
depend on the iron content. Minerals containing no iron 
may also be sufficiently magnetic to permit of their separa^ 
tion from non-magnetic materials, for example, monazite 
and some other cerium-bearing minerals. The elcctromag- 
nedc separation of minerals is an important ore-dresstng 
process. By varying the strength of the electromagnet, 
minerals of varying magnetism can be separated from one 
another. Examples of such separations are the purifica¬ 
tion of magnetite from apatite, etc. : the separation of 
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pyrites fracu fchlefjde, siderite from blende^ woUrai# from tin- 
stoac, and rngnazlte from magtietite and garncl. tt is 
sDrnetio^es m^cessary to roast the ore in order to concert 
feebly magnetic materiala^ such as pyrites and siderite, into 
strongly magnetic matefiab A small clectminagnet is used 
in the Jaboraiory to separate the heavy residues obtained 
by the use of heavy liquids into magnetic and nan-mag¬ 
netic portions. 

Mtagnefiir — ^^fugnetitep pyrrhotite. 

— -Siderltep iran-gam^t, cbrnmile, ilincnitc, 

hcmatilG, 

—TcKurmAHnep spinelSj moDaxIte. 

QuartEp okite, felsparj Uipai-, ceiuadum, eaasi- 

ioriltj, faience. 

Electricity,— Electricity may be developed in minerals 
either by friction or heatp and in the latter case the mineral 
is said to be pyroelectric. Tourmaline is an example of a 
pyroelectric mineraL The degree of electrihcation varies 
widely aoKing mJneralSp and this variation Is applied in the 
Electrostatic Separation Process, fo one typ^ of this pre^ 
cess the 6nely crushed and dried ore is dropped on to a 
rotating iron cj*Under which is electriolly charged. Good 
conductors become charged and are repelled ftoin the 
cylinder, bad conductors arc repelled to a leas degree, and 
hence the shower of ore is separated out into several minor 
showers which can be separately collated. For example, 
blendep a bad conductor! is separated from pyrites, a good 
conductor, in this way. 

atndui:^pri‘i . —Native mgTHk, gTaphil^, sulphides (»cep1 

blende). 

Bad C^mduitm.—Tllc^dzt eiknu;, barytes, fluor-spti, 

Hadioactivity.—Many minerals contalniog clemeaLi of 
high atomic weight are radioactlvCp and emit an emanation 
which adjects a photographic plate and may be rendered 
visible by means of a sensitive phosphorescent screen. The 
chief radioactive dements are radium itself, uranium and 
thorium* Pitchblende JS the most important radioactive 
mineral, others being autunite] monazite, thorite and 
tametU^ : ^TZ 9 
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Radioactive mineraJs are subject to radSoacUvu decay 
dunu^ which the radium, urftaium pr thorium are converted 
into helium and lead. The rate of this change U known 
and hence, by determination of the amount of lead in a 
radioactive mineral, an estimate of l±e age of the mineral 
can be made. The oldest mineral so far investigated in this 
way is nearly 2,fMK) million years old. 


CD^iPTER I LI. 


THE ELEMENTS OF CRVSTALLOHRAPHY. 
rXTRODUCTJON. 

In was noticed by the ancient Greeks that a certain 
cnJneralj qaartz, usually cxrcarred in forms having a charac¬ 
teristic shape, being bounded by flat facets. From the trails- 
pareticy of this mberaJ and the occurrence in it of included 
material^ Lt was thought that quartz resulted from the freez¬ 
ing of water under intense cold, and hence the name S^rwj- 
tfiRos —meaning dear jre—was given to the substance. 
There were+ however, numerous other minerals known to 
the ancients which occurred in forms bounde£| hy flat faces^ 
and sOp by a natural extension of the lerttip came 

to signify any mineral showing such forms. 

By I he researches of Steno^ De Tlsle and Hauy^ the study 
of crystals gradually evolved from mere speculation. It is 
to Hauy that we are bdehted for an Illuminating theory of 
the itruciure of crystals. Hauy argued that ctystals were 
built up of minute fericlij of the mineral^ different modes of 
arrangement of the bricks producing diHereut crystal forms. 
By more recent investigalioos Hauy's notion of the arrange- 
tnenl of material bricks has been replaced by that of the 
arrangement of alomic groups* It is therefore apparent 
that chemical constitution has an important influence on 
crystalline form, and, indt-Lcd, Von Fedcrov issued a list 
of some ten thousand substances, the chemical cornpasitlon 
of which he was able to teh with certainty from an examina¬ 
tion of their crystals. 

The study of crystals is called crysfallt^grttphy. Crystal 
are hodE>s boundtd by sarfaces, usually arranged on a 
de/Tnife plan •which is ein expresshn of the mtemal arrang^- 
mcnls of ike atoms. They are formed by the soiidilicatioa 
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Hvf iiiineriil^ from the gaiieous or liquid states or froiii solo- 
tioM,—a process known as crysiailisatioTf. 

From the definition of a crystal just g'iven wc see that the 
internal atomic structure is their fundamental property. 
Though we could eoiistruct a model of a crystal in glass or 
some other amorphous material, such a model would not he 
a crystal since it would lack the essential atomic structure, 
En this book, however, we are chiefly concerned with the 
determination of minerals, so that for us the externa] form 
of crystals demands most attention. In thU chapter our 
crystallography \vill be almost entirely morphological. The 
atomic structure of crystals Is considered io the nes t chapter. 

CHARACTERJSTICS OF CRVSTALS. 

Faces, —'Crystals are bounded by a number of surfaces 
which are usually perfectly flat, but may be curved as in 




Ptg. B .—Simple Cube and Simplig OcLfthtclxDD- A Cu nib mat ion 
at tbe Cu^i^i and Ociabedron ^ found in CtVACals erf Gakna. 

som^ sp«]iineiis of sSdente and diamond^ These surfacaa 
arc caUed facifs^ Faces are of two kinds, like and unUke^ 
Some crystals are Limited by faces that are all alike* For 
instance^ flnor-^par commonly crystallises in cubes^ and any 
one face of the fluor-spar cube is like all the other faces In 
its properties* Such faces that haire the same properties are 
called fifes /aoes,p whilst faces having differeni properties arc 
faces. 

Forms* — A crystal made up entirely of like faces is 
termed a farm. For example, the cube and the 

cjctahedron arc each of tbem simple forms, since afl the 
faces of each have the same properties. The front face 
.shown in ihe clrawin|^ of a cube in 5 can f>e repliiced by 
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.iRy uthcr of tlat cube faces ivilbaut alteriEig the druwin^r 
A crystal which conisl^ts of Ivvo or more simple forma is 
cailcd a corii£i'triafi£^in. In Fig. the cube and {he octa^ 
hedron are shown as simple forms and also as a combina- 
I ion sud'i as occurs in crystals of gfalena. 

Some simple forms occur by Ihemselves in'crj'staJs as they 
can enclose spacCt but others can only occur In combinations^ 
since they have too few faces to enclose space by themselves. 
Such latter forms are called ttpen. 

—An edge is formed by die intersection of any two 
adjacent £aces+ The position in space of an edg'e depends, 
of course, upon tlie positions of the faces whose interscc- 
lion gives rise to it. 

Solid Angle. —A JO ltd Is formed by the iotersec- 

tioD of three or more faces ^ 




TnterfaciRl Angle. —The angle between any two faces 
nf a crystal is termed ibc interfaidai In cry Stalin- 

graphy, the interfacial angle 
is the angle beUv^een the nor¬ 
mals, or perpendiculars, to 
the ttvo faces. Thus, in 
Fig. 6, the Laterfacial angEe 
between the two faces shown 
in section is .A. Interfacial 
angles are of great im¬ 
portance ui crystallography 
and are record^ in works 
of reference tn the follow¬ 
ing waVp—Ef the angle betvfecn the normals to two faces 
which w'e will call tn and is 63" 48^ it is recorded as 
Fnm^'^^=63' 48^ 


Ftc. 6.—Tlffi ]iibcrEad.lJ An git 


Meaiuremunt o/ Inlerfacial Angh .—The interfacifll angles 
of crystals are me^^sured by the goniometer (or angle- 
measurer)* Two types of this inslrumenc are used^ one 
termed the contact-goniometer^ rhe other the reflecting 
goniometer. 

The cantact-gonlonieEer consists of two straight-edged 
arms movable on a pivot or screw', and connected by a 
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a^c^ as slioivn in Fig^ 7. These two arms uri; 
brought accurately into contact with adjacent faces of the 
erj^suf^ and tjic angle between them read off on the 
graduated arc. In the illustration, the anji^le actually 
measured is the internal angle be I ween the two faires, and 
this must be subtracted from 180* to give the inlerfacial 
angle of the crysiatlographer* 



Relfecting goniometers are rather chiboraie instruinents 
used w'itb crystaJs possessing perfectly smooth oc flawdess 
faces. In general* the smaller the crystal* the more suit¬ 
able for use with’ the reflecting goniometer w ill it be, 

A common form of reflecting goniometer consists of a 
vertical circle^ graduated and capable of rotation, and a hort- 
aonta] arm fixed at right angles to the plane of the ctrek.^ 
A mirror is fixed on the horizontal arm. The crystal is 
placed a! the centre of the graduated circle wnth an idrdgft 
parallel to the horizantal arm. The image of a distant signal 
IS obser\'cd by reflection from the rmrrorT and also by re^ 
flection from the crystal face. By rotating the graduated 
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cifde.^ with It EfiE crista], the two are made to 

lie Id the same ^Lraig-ht iipe. The circle ihen rotated 
LiDtil an Ima^e is □btairLed by reflection from the adjacent 
face. The amount of i-otation g^ives the angfle between the 
normals to the two crystal faces, that is, tlie interfacial 
an^le^ as shown in Fig, 8p IHcre l^ht rellected from the 
face AH of the crystal m the ABCD position is seen by the 
eye. If the crystal ts rotated about the edg'e betw^een AB 
and AD so that the face AD takes up the new position dA 
where dA and AB are in the same straig;ht line, then the 

signal is again seen^ The 
crystal has been rotated 
through the angle dAD, which 
is the supplement of the ia- 
ternaJ angic between the faces 
AB and AD^ aod is therefore 
the intcrfacial angle. 

Law of the Cohstaney of 
Interfacial Angles^— It has 
already been mentioDed that 
crystals are built up of an 
orderly arrangement of the 
atoms or atomic groups of the 
mlnerai- Examination of crys¬ 
tals by X-rays has led to the 
determination of the relative positions of the different atoms 
in the structure. If the atoms are represented by points^ 
their arrangement in the crystal can be showm by a geo¬ 
metrical patEein or framework which Is called the spt^ce- 
iaitice or poirit-systern. In this, the atoms are arranged in 
innumerahle parallel rouji w'hicJi intersect In a regular pat¬ 
tern. The rows lie in plants to form what may be called a 
net-plane. Crystal faces are parallel to these net-p1sncSp 
and ciW'Stal edges to the row*s. of atoms occurring at the 
intersections of net-planes. (See Chapter IV.) 

We have seen that the atomic structure for the crystals of 
any one mineral is Axed, so that it follows chat the pojiitions 
of the faces of such crystals are fixed also. This leads to 
the euimrifitinn of rhe imponant laxv of the CoBjrfaKcy of 



Ftc. fl.—Principle ef (he Reflect. 
in| G&qiqmeter, 
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tnterlacial Angles. The corresponding^ interf^cioK angles are 
cpa&tant for M crystals of a given mmeral, provided, of 
course^ that the crj^stals have identical chemical composi- 
lions and [hai the tneasnreRients are made ar the same 
temperatures. 

Zone9»— lnspa::tiOii of many crystals shows Uiat their 
faces are so arranged tbxat the edges formed by the inter¬ 
sections of certain of the faces are parallel witli one another. 
Such a set of faceii constitutes a and the Une with 

which the edges are parallel is cal ted the Eone-axis^ For 
Ins Lance, tlie common crystals of quartz or rock crystal such 
as arc illustrated iii Fig, 121, show six faces meeting In 
paraJie! edges^ and terminated by a set of six usuaUj' trian¬ 
gular faces wlilch do not meet in par^llttl edges; the first set 
of six faces forms a zone. 

Symmetry*— Exauunation of a crystnl either with the 
eye or a gonimctcf shows that there is a certain regularity 
of position of like faces, edges, etc. This regularity con¬ 
stitutes the syTHTfiEiry of the crystal. The degree of sym* 
metry varies in different minerals and is employed, as seen 
later, in the classification of cryostats. It is defined with 
reference to three criteria of symuK-try:— 

Plane of Symmetry , 

Axis of Symmetry. 

Centre of Symmetry. 






Plane of SjTiimetry , —A plane of symmetry divides a 
crystal into twcj simriar and similarly - 
placed halves. In other w'ords^ such a 
plane divides the crystnl so chat one 
half is the mirror-irnage of the other. 
Planes of symmetry can be illustrated 
by considering a cube, A cube has nine 
planes w'hich divide it into two halves 
so that one half is the refteutlon of 
tile other. The traces of these nine 
planes are indicated on the faces of 
the cube in Fig, 9 and the dissected 
planes arc shown In Fig, 10. 


Fig. 0.—Cuba, wad 
PlftRH of Sym¬ 
metry. 
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The geometrical symmetry of a. matchbox pr a brick Is 
ixUvioiisly Tow^^r tliao that of a cube for, as itispectioQ 
there are only three planes that divide she object into aiinilar 
and simllarSy placed halves. 




3p1^nR« 2^^ plAiiet 2 dlarvH 

Fie. iO. — Plinea of Symmetry in the Cube, 


2 p!an5¥ 


Axis of Symmelryp— If □ ci^sial, on being rotated, 
comes to occupy the same position In space more than once 
in a Complete tum^ the rkIs about which rptation has lakcu 
place is called an axis cf symmHTy^ Dependbiy upon the 
degree of symmetry, a crystal may come to occupy the same 
positiqfn twO| three, four or siir times in a complete rotation. 
The terms applied to these different classes of axes arc as 
follow: — 

timis: two-fold^ dJad, haJf-tum or dJgon.al axis. 

r/irfitf timest three-fold, triad, one-iihird-iurn or tri¬ 
gonal a?tis. 

Frjair four-fold^ tetrad^ quarter-tiirti: Or tetragoniLl 

axis. 

Six times: six-fold^ hexad^ one-siithr-turn or hexagonal 
axis. 

Wt can again use the cube and our brick to illustrate axes 
of symmetry. In the cube, as shown in Fig. IJ, there are 
axes of four-fold, thret-foSd and two-£old syimnctry, Rotstion 
of the cube about the axis of four-fold symmetry shoi^mln the 
figure causes the cube to take up the same position in space 
four times during A complete rotation, about the tbrce-fold 
axis three times, and about the two-fold axis twice. It Is 
clear, moreover, that there are three axes of four-fold sym¬ 
metry, four of three^fold symmetry and six of tw^o-loid 
sytnmelry' in the cubc^ This is expressed In the following 
way: — 

Axes of Symmetry of the c-nbu.: 4**^ 
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In our brick ther€ are only three axes of symmetry and thesr 
are of two-fold type; they connect the middle pcitnL& of the 
p&iTR of opposite fiace^ of the brick. 



a 

Firp. 11 .—Aim hC Syntmetfr of tJie CbIk. 


Centre of Symmelry —A crystal has a centre oi sym 
mctiy^ when like facesp edgesp etc.p are arranged in pairs in 
corresponding positions and on opposite sides of a central 
point. The cube and our brick obviously ha^ve centres ol 
symmetry. 

The SyTimietry of Gypsum as an Illostration.^-A 



Fig. 12 —a GypaLim Crystal, the line- Plane of 

Symmetry and the Omt Alii oJ SymMctry cliajk4^ 
lexiatie of this MisefaL 

enstat of gypsum may be taken to Illtistr^tu these tlLfinitiotls 
fjf syinmeiry. The iisuitl form nf such a ciy stfll is Hhuwn In 


Fjg. J2, 
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There h one plane which divides the crystal itito two simi¬ 
lar and similarly placed halves. This plane is the only plane 
of symmetry for thk crystaJ. At rig^ht ang:]es to this plant 
is an axis of symmclry. Rotation about this axis causes 
the crystal to take up the saxrie position f-jrlce in a complete 
rotationt and this axis is therefore an axis of two^fold sym¬ 
metry. lastly, for every faccp edge or comer that occurs 
in one half of the ciyataT there is a similar face^ eiLge or 
comer in a corresfxindin^ position in the other half. There¬ 
fore the crystal has a.centre of sy-mmetry. 

Thus the symmetry of this gypstim crystai may be Ex¬ 
pressed in the following way:— 

I Planes of symmetry, 1. 

Axes of symtnetry, 1'', 

I Centre of symmetry. 


Crystallo^aphic eind Geflmetrieal Symitictry*— 

CrystaltographEc symmetry . must not be confused with 



from a plane or centre of symmetry are of no Importance in 
this conneetjon. This is illustrated in Fig. 13^ which shows 
a regular octahedron with faces equally developed and a dis¬ 
torted octahedron wdth some faces larger than others. If such 
a distorted octahedron wa.s examined with a goniometer it 
would be found that the inteiTaclal angkts were exactly the 
same as in the regular iMitaliedron. 

Crystals in which like faces are equally dexxlopcd and are 
equal distances from the ccnirc of the crystal are rare; but 
for convenience of slildy and of represen Eat ion fay diagrams^ 
it Ls neociisary to deaf with crystals in I heir simplest and 
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most intellig^ible fqrni, and that is when thev have perfect 
^eometricaJ s>mmetr>'. 

Most crystals, occur id dhfotUd jurpts, ha\'ing like 
fi\ces not of the same siste and not in the sanie geometrically 
-syrnmetrlca] position* In rnaoy cases of 
distorted cr^-stals the itrystallograpliic 
symmetry has been made out from the 
fact that like faces have like properties. 
Etch-marks produced by solvents act¬ 
ing' on the crystal faceSj the be¬ 
haviour towards heat and electricity, 
the hardness, lustre, etc.^ of the faces, 
have revealed the true symmetry of the 
distorted crystals. This Is iUuatrated 
In the ,quart^ crystal shown in Fig. 14, 
where the etch-marks are similar o-n like 
faces. 

Distortion in crystals may be due to some restraint on 
^rowih of the ciystal m certain directions or to a greater 



I'Vi. 14. — (Jutttti: 
Cryalftl^ sbcnr in ^ 
Simitar Etcll- 
Morksi Chin LiJte 

Faces. 



tiii. 16. Habit of CiysiiLb; twu ApoplivUit* CfjrB™ 
talE, one witb py^midjil luiLit, tfqt'nttuy with 
t«balai babiL 


supply of material bclng^ available In one direction aa torn- 
pared w’Uh another. 
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The term ^ra&i't is Used to denote Ihe characteristic shapes 
wi crystals arising: from variations in the nijmbcr, size and 
iiiiape of the faces ; the distorted oLtahedron shoH’n in Fig^ 
I a haii a labwkr habit; in Fig. 15 are sliuwn two habits of 
iifiuphyTlite crystals. 

Crystallographic Axes,—In solid geometry the position 
111 a plane in space is given by the intercepts (or the lengths 
cut oET) that the plane makes on three given lines called axci. 
I'his method of Lreatmcnt Is employed in crystatltagraphy. 
and I he ases are termed the crysiaUitgraphic Urxei. \^'hen- 
ever there is present a suitable number of axes of syminetry^ 
tJiey arc chosen as the crystallographic axes. The crystal- 
higraphic aves Intersect at the tirigin. ^ 

Parameters.—The pnmmi^ters of a iirystal face are the 
rati4.>‘5 of the distances Iroin the origin at ivhklx.the face cuts 

t h e crystallographic 
aices^ — that iSt the 
parameters are the 
ratios of the intercepts, 
in Fig. Id, OX, OY, 
OZ, represent the 
cry'stallographic 
and ABC is a crystal 
face making inlcrcepls 
of OA on OX, OB on 
OY', and OC on OZ, 
The parameters of the 
face ABC are given by 
the ratio of OA^ OB, 
and OC. It is con- 
venitnt to take the relative Intercepts of This face 
standard lengths for the purpose of rcprcseiitiTig the 
position of any other face, sncli as DEF_ In the case 
of the face DEF^ CD is equal Jo OA, Ok is twice 

OB^ and OF js half DC, jflnd therefore are the para- 

meSers of DFF wiih reference to the standard face ABC. 

The form wliose face is taken as intersecting I he ases at 
ihc unit lengths whidt are to be ii^ed for measuring the inter- 
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made by Dther forms on ihe same auest Ls [railed the 
futidameniulr paraifn^tral ot ant; form* J’he selection of a 
suitable unit form depends dd the properties and nature of 
the crystals. A form weU developed, or commonly occur¬ 
ring", or parallel to \\‘hich there is a ^oo<1 is usuajly 

selected for this purpose. 

The parameters of the unit form cao he cblAincd bv 
jiieasurement, and can he cscprtflStrd as tiiuhiples of ont Jl 
their number. Take, for example, gypsum. It is found 
that the most commonly occurring form in gypsum crystals 
which makesi intercepts with aU three crystallographic axes 
does so in the ratio of O dS^ A :0 4124. This expression Is 
galled tlie a.vra^ rufitv, and simply niean_s that the standard 
or unit form cuts one axi& at a distance represented by 
0’0fi99, the second axis at a distance represented by 1, and 
the third axis at a distance rL presen ted by 0 4124. When 
wc use this Ltinl form to measure the intercepts^ or to obtain 
the parameters, of any other form that cuts all three axes 
ive shall do so by taking 0 fi899 as our unit of Rieasiirement 
along the first axis, I along the second axts^ and H 4124 
along the third axis. 

Indices,— 1 be reciprocals of the parameters arc called the 
indices and are of use for purposes of crystallographic 
notation^ 

Lettering and Order of ihe CrystaUographic Axes. 
—There arc certain conventions with regard to the lettering 
and order of die crystallogniphic axes^ In the most general 
case, that in which the unit form cuts all tfire=e axes at un¬ 
equal ttnglbs and in tvhich none of the axes Is at right 
angles to any Other, the crystallographic axis which Is taken 
as the vertical axis is caJJed c, that running from right to 
left Is b, and that running from front to back is One end 
of csch axis is positive, and the other end is negative, and 
the rule w-itb regard to this is Illustrated in Fig, 17. The 
angle bvlwcen -t-n and Is called y, that between and 
■fc is called a, arid that between -^c and -r a is f}^ 

hi this most general case^ the unit form ruts the three 
axes at unequal lengths from [he ongin, and thi^ fact is 
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often indicated Joo^ly by statlri|r that the crys^tallp§rrapbic 
axes of I his type of crystal are of unequal lengths. 

In some crystals the unit form cuts two a^^es at an equal 
distance and the third at a different distance. In this case, 
the axes cut at equal distances are both called a and the 
third, placed vertical, Is called c. It Is customary to say 
here that the ttvo axes arc cqiiitl and the third different. 

A^in, in other crystals, the 
unit form Cuts all three ajtes at 
the same diitancei so that all 
the axes are interchangeable; 
in this case the axes are aU 
called m:, and are Loosely saJd to 
be equal. 

The position in space of 
the facas of a great number 
□f crystals can be referred to 
r^iree crystallographic axes, but 
in one group four axes are 
used. 

The planes in which two of the crystallographic axes 13f 
arc called the a.viiaf plantsr 

Crystallographic Notation. -CiysEalbgraphsc notatbit 

is a concise method of writiog down the relation of any 
crj'stal face to the crystaEographic axes. The most vridciy 
used systems depend upon either parameters or indices. Of 
these systems of noiatinn, the chief are twOp—the Parameter 
System of Welss^ and the Index System of Miller (modified 
by Brava is}. 

Parameter Sysstein of Weiss, —In this system of crystal 
lographic notation, the axes are taken In the order explained 
^d50ve*—that is* a* hi for unequal axes* a, a, c, for two 
axes equal, and o, a, u, for three axes equal. The intercept 
that ihe crystal face under discussion makes on the d^axis Is 
then written hefor?- a, the inturcrpt on the lie rote b, 

and the intercept on the c-axis lieforc c. These Intercepts 
are of course measured In terms of the Intercept;; made bv 
the itnit form on I he I'orn-^ponding crystallographic axes. 



Fig. 17.—Figure iHuslr^lina 
Axial Cosi>tnijim3. 
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Tht most generfll expression for a crystal face in ihe Weiss 
notsirion is— 

nat mh, pc, 

where n. m, f are ihc lengths cut oH by the face on the 
(I. b, c axes as ojmpared with the corresponding Jenglhs 
cut off by the unit form, it is usual to reduce either n or 
m to unity. 

If a o-ystal face is parallel to an axis, ii can be imagined 
as cutting that axis at an in Unite distance, and according! v 
(he sign of infinity, ct. Is placed as its parameter before the 
corresponding axial letter. Thus a face cutting the n^axis at 
a distance 1 unit,—that Lx al the same distance as the unit 
form cuts this same axts,™and cutting the b asis at a dis¬ 
tance a units or twice the distance cut off by the unit form 
along the h-axis, and running parallel to the c-axis has the 
\’^^e!S5 symbol — 

2l>p Xi 42. 

A face cutting the a-axis and parallel to the t-axis and c-axts 
obviously has the symliol 

ftp fx bp X c. 

Indent Syslem of IVJjilef. —^In this svstem of notation ihc 
indices, or reciprocals of the parameters, are used. Thev 
arc written in the axial order, a, h. c, and are aJways giveo 
in tlieir most simple form by ck^ring^ of fractions. For 
exampk, consider the crystal face dealt with in the previous 
paragraph vvhrcli has the Weiss symbol 

n, 2b, X 

The reciprocals of fhe par dimeters rtre— 

LipO. 

Clearing of fractions and omitting Uie axial letters the Miller 
.symbol is obtained — 

210h 

vvhich is read as (wo ouc noughts 

SlmilarSyp the face parallel to the b-axls and the c-axis which 
has the W^eiss symbol a x b. x c will have the MiUer 
symbol 100+ which Is read as o^e nftvght tmught^ 
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Scv^eral palikLsi aitr to bt ikotf:cJ ]^^ conneiciuu wtih MlfKcr 
^ymboh, A paralJcrl to an axis \v\]\ -tod tain the ajinbDl 
L> (nougbi), the reciprocal of mfinlty, at tlie posttiDii In tht 
&>'Bilbol corresponding to the axis in question. since 

the sillier syiii-bots arc based on reciprocals of tlie paia- 
iticters^ the larger die figure in the symbol the nearer ro the 
origin will the face cut that particular axis. On the other 
hand, the smaller the figure to any given axial position in 
the Symbols the nearer docs the face approach to parallelism 
with tlic axis in question ; the limit is reached when the 
figure is zero and the face is purullel with the axtR. The 
mo^fit general Millerian symbol is life/. 

Referring again to the unit farm of gypsum^ altbciiigh this 
form cuts the jJiree axes at unequal arithmetic iji&lance5+ its 
Miller symbol is (111)^ since tiic unit form has been defined 
as cutting each axis at the standard or unit length for 
measurements of intercepts along the axes. 

Again, in Fig. 1B^ the symbols of the faces ABC, 0EF, 
are— 

Weiss Miller 

ABC a, b^ c. Ill Unit form. 

DEF a, 2b. Ac. 214 

Cott^^enlioiiiij Ie Notation.— Several conventions in 
crystailogtaphic notation must be considered. When it is 
required to indicate a crystal form, it is usual to enclose the 
symbols In a bracket thus (fefef), whereas> if the crystal fact 
Is indicated I tiic bracket is removed ^ thus— hki. By some, 
howeverp the form is enclosed in a curly bracket | iikl J , and 
the face in an ordinary bracket (hkl). 

The conventioop illustrated in Fig. 17, with regard to the 
^Igns of the ends of the crystallographic axes k of great 
Importance in notation, since by adding the proper sigti to 
the symbol it is possible to intlicate any required face of a 
crystal form* 

A face cutting the positk'c end of an axis is indicated by 
the corresponding index figure only^ whilst one cutting the 
negative end has a negative sign placed above the index 
figure. Tliis nanvemlon Is ilhtstratfri in Fig. IK, whii h 
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ahaw'^ Uie form j L j 1)^ui^iic up of the eighi laties ill, I [ 1, 111, 

111, 111, l]i|Mlf 111. J a king \{ic iiJ as an 

it is iztear that this face cuts die n^gfitive end of the first oi 



Fig. la.—Tb^ 
Fdroi |ltl^. 


ii-axls^ iht negative end of the second or fi- 
axis^ and the positive end tjf the third or 
€-axis, and it must therefore lie in ihe back 
upper left-hand: octant. Flirthcr^ inspec-^ 
tion of the fig-ure illuMrales the general rale 
that by changing the sign?i of the indices 
an nppo&ite para! Id face is indicated. 
Thus, in F(g. the face opposite 

and nsirallel to the face £ll is clearly 

ilL 


The Law of RolionaK Indices —The study of crystals 
has established the Law of Rational Indices which states 
that th^ intercepts that any crystal face makes an the 
crys(aUi:fgraphic a^Kes are eilher inpnite, or small rafianaJf 
mnltiples of the intercepis made by the amt form. Thus 
sym^ls such as a, ^^2 a, _v a, or 2^, i 73G ... c are im- 
pcLssthle, This law follows from the r^ularily of the space- 
lattice representing the atomic structure of crystals. 

Cl^ssihcaiioni of Crj-atals.- —It has been matherriaiJcaJty 
prove IJ that there ore possible amoeg crystals only ikirty- 
Iwo types of symmetry^ differing from each other In the 
and nature of ihc three elements of symmetry in each 
group. Of the&e thirty-tw^o types^ some are represented by 
artificially prepared compounds, some by very rare inincraJs, 
and some have no reprpentative at all. The common 
minerals dealt with in this book are found in e/nren ^roupi 
Only. The first classification of crystals is therefore Into the 
symint'try 

In studying crystals it is necessary^ to refer the forms to 
the crystallographic axes, and it has already been noted that 
there^are various Xyp^s of these axes- It k found that crys- 
tals belonging to different symmetry groups can be referred 
to die same set of crystallographic axes. A]| the crystal 
forms, of whatever syrrunelrv, tliat can be referred to the 


ins KL EH ENTS OF CRYS TALLQIJRJ^PFIV 


of crystallographic axes fall m one crystal system. 
The second cJassification of crystals is therefore into crystal 
systems. 

THE CRYSTAL SVSTFMS. 

HeJow is ^el out a synopsis of die crystal systems and of 
tile symmetry classes in each t±iat are dealt with in this 
book. Th^ syrminetry classes or types are named after a 
cLharacteristlc mineral bclong^mg to the dass^ Fuller de¬ 
scriptions of the systems and types follow this synopsis^ 
h CujEic System.—A xes, three equals a, a, at right 
angles* 

1* Guferra Type—symmetry;—9 planes, 13 axes 
[&\ 4*”, 3E^), a centre. 

2- PyriU Type —symmetry :—3 planes^ 7 ases 

{3^^, a centre. 

3- Telrahedntc Type -—symmetry planers 7 

axes {3”, no centre* 

M. TirruAGOS'AL System.—A xes, a, Sp two equal hari- 
suuUii, one t^erltcni, at right angka* 

4. Zircon Type —symmetry;—S planes, 5 axes 
(4*^, a centre, 

in. Hex.\c.osal System.—A xeSp a, a, a, n. three equal 
hori^nfai, making angles of IgO" with each 
other, a veriM? axis at right angles to the 
plane tontalning the hor'ofantal axes* 

IS. Beryl Type —symmetry;—7 planesp 7 axes 
(gTi, |Vij^ a ceittrc. 

i}. Caldtc Type —^symmetry '—3 planes ^ 4 axes 
(3^3, a centre. 

7* Toiirr«ft/ine Type —syminelry :—3 ptanes, 1 axis 
no centre* 

8. Quariu rypff—symmeiry :—no plaoes, 4 axes 

(3*^ no centre. 

IV* OnTHOHHOMHEd Svstem.—A xc^, a, 6* c, three un¬ 
equal, all at right angles. 

9. Barytes rype—Avmcnelty 3 planes, 3 axes 

{3^^), a centre. 
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TO 

V* Mojjcscmnic System.— a, ii, Cp ihrtt? unt^uaS 
axes, ont ^^erlicali one at righi itngles lo. the 
vertical axfs, the third makni^ an oblique an^Se 
vip'Eth the plane contamingf the other hvo. 

10. Gypsum Type — svmmtlry:—1 pSanCp j axis 

a centre. 

VI. Treclinic Svstsm,— o, c. three tinequal 
axeSj none at right angles. 

11. T^ype—symmeSry :—fio planes, no axes, 
a centre. 

T. CUBIC SYSTU-M. 

A^e& —The cubic Jivstem jodudes all the crystal forms 
that can be referred to tisrec axes of equal lengih which tnier- 
^sect at right angles. These axes nnt ioterchangeahle and of 

equal value, so that they are all 
denoted by it. In order to be 
a b!e to i nd test te any teq u ired 
Face in a form, however, it 
is necessary lo specify each 
axis. This ts done by placing 
the crystal in what is known 
as the reading possUoiit 
position in which the crystal is 
best studied, so that one axis, 
called is vtrticaJi one, a.^^ 

runs right and left, and the 
third, runs front to hack. 

The cubic axes arc shown in 
Fig. i§, where also the positive and negative ends of the 
axes are indicated.^ 

Three symmetry classes belonging to the Ctibic System 
arc dealt wnth here. They are: — 

(1) Galena Typei (2) Pyrite Type; (3J Tetrahedrfte Type. 

1. Galena Type- 

This type takes its name from the conuno];] minera] 
Galena, PbS, which belongs lo It. It is often called the 
S&fma\ Type oi the Cubic System, since it shows the 
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" hi^lii!^l degree of symmetry of thot system, »rid, Iheieforep 
of aH crystals^ 

i^v^METRY,—I'he synuiietry can be deduced from the 
typical form, tlie ctibep as has beeo pariJy done on pp. 58* 59. 
It is iaalructlve lo work out the syTnmetry by the aid of a 
ino<iel of a cube and a tlat sheet of cardboard» celluloid or 
glass. There arc clearly 3 planes of Byrnmeliy which each 
bisect Uie three sets of four parallel edges of the cube- As 
we shall see in the next section^ these planes contain the 
CrystaUographJc axes and arc called therefore axial planes^ 
In addition In these axial planes of syrmnttry^ there are 
three pairs of planer which cut the faces nf the cube dia- 
Ijonally; these we may' call diagonal planes of symmetry. 
Thus there arc m'wtf planes a/ symmetry In all, as illustrate 
ilk 9 and IU m\ pp. 58^ 59. 

With the model of a cube in front of us it is easy to demon¬ 
strate ihe axes of symmetry. Hold the cube between the 
thumb al ihe centre of one face and the first finger at the 
centre of the opposite parallel face« Rotating the cube 
^iiow^s that In a complete turn a cube face appears four times, 
so that the axis of rotation, the line joining the centres of 
opposite parallel fflces^ is an axis of four-fold symmetry; 
till re arc ihree such axes, each joining the middle points of 
the three pairs i>f opposite parallel faces. These three axes 
arc the cn^stallographic axes, as showm beloic. Secondly, 
hokl the cube by its opposite corners and rotate; the cube 
comesi to occupy the same position three times during a com- 
plHe furn, so that the hue joining tlie opposite comers is an 
axis uf three-fold symmciry and there are four sticb axes^ 
I Jiirdly, hold the cube al the centres uf opposite paraltel 
edges; rotation gives two similar positions m a compleiir 
turn, and the six tines joining the centres of the six pairs of 
opposite parallel edges are axes of two-fold sytiimetry. 
I here are thus in the dtibc three axes of four-fold symmetry, 
four of three-fold nnd six of two-fold,— Ihiriei'n axes of sym- 
p^tei!ry ill all (see Fig. M, p. 

Lastly^ the faces and edges of the cube occur in pairs on 
oppoiijie sides of a central point, as may he te^ited by placing 


n 
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the cube on the table ard noting that a face hes paralJcl with 
the table- The cube has a «n(ff □/ symraefTy, 

The symmetry of ihc Galena Type may now be bummanaed 


follows i— 



(the crystallographic axes), 

AxeSj 13 1 

le'h 

A Centre of Symmetry. 

Forms, —(i) <Twhe-—^As shown in Fig. 20A, the cube is a 
six-faced solid hounded by faces which cut one axis and are 
parallel to the other two. 



Fl6- 30p—Cube, Shonibdijdeciheiron and Octabedtan, Aiea, anit 
S^rmbciU Qi visiblE faces. 

Each face Ss a square and is parallel to an axial plane of 
symmetry. The symbol of the form is obviously (100) and 
the form is made up of the faces 100 (ffont), IQO (back), 
010 (right), OlO (left), 001 (top), 'and 001 (bottom), 

(ii) Rhombdodecakedron. —^'fhe rhombdotlecahedron is a 
solid having twelve rhoinb-sliaped faces, each face cutting 
two axes at eqpal distances and being parallel to the third. 
The symbol of tht form is therefore (liO), and the symbols 
of several faces arc shown in Fig. SOB. 

(iii) Octolreirun.—The unit form of the Galena Type, the 
octahedron, is a solid having eight equilateral triangular 
faces, each face cutting ail three axes at equal diatanees. 
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[Jif octahedron 'n jiho^vn icj siymboL is [ill); 

I be symbols of the front faces are g^iven in Pijf« 20C and of 
all the faces in Fig. IR^ p. 68 ► 

(iv) Teim/iffA'a/iedFon,—Tbc telrahexahcdron is a solid 
bavirtg twenty-four faces^ each face ao isosceles tnanglen 
For each face of the cube (or hciialiedron) there appears a 
low pyramid ol four (or tclra) faces^ whence tl^e iTLame tetra- 
hexaJtctdrOfi^ Each face is parallel to one axis and cuts the 
other two axes at unequal lengths, I'hc general sj'mbol 
there fnre i.s ihW), i.i:. ffi.fe. noughijp which expresses Uiie 
fact that eacit face cuts two axes at dilTerent distances and 
is parallel to the third. There can he many tetrahexahedra 
since the ratio of Fi and k or of the Intercepts made by the 
face varies ; on this account this form is said to he a "jsnahie 
form. Suppd^e either h or fe becomes zero^ the faces then 
become parallel to two axes and the form becomes a cube;, 
suppose h is made equal to then the faces cut two axes 
at equal distances and are parallel to the ibird axis, and the 
form bteomes a rhombdodecahedron. This relationship is 
expressed by saying that the forms of the tetra- 

hexahedron are the cube and the rhombdodecahedron. 

have seen that the general symbol of the tetrahexahe- 
dron is (hfcO); a commonly occurring example is (210), 
other.^ are {320), (310)^ (410), etc. The form {2iD), in which 
the faces cut one axis at a certain distance, the second at 
twice that distance and are parallel to the third, is shown In 
Fig. 21 A, where also the symbols of several of the faces are 
given. Though the form has been called here the (2i0) 
tetj-ahexahedron, it must l>e realised that it might Just as well 
have been called the (2PJ), (120), etc., form; the ratio be- 
tivecn the inlcrccpts inadc by each face is, of course, of the 
same type throughout. Inspection of Fig. 21A shows more¬ 
over how by depressing the pyramids on the cube faces until 
their faces Ije^iome parallel with two axes there can 1^ oh- 
tained one of tlie limiting forms, the cube- Similarly, It can 
be noted how by steepening tbc pyramids until ihe inler- 
cepts on the two axes are equal there Is produced the other 
limiting forni, llii- rhombdcHlecahedron; ihe edges betw-een 
lhp fares 21h and b^lween 301 and bctwet^n Q12 
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and 02J, clc.^ disappear and cacb pair of faces becomes one 
face of ifie rhorBbdodtcabeciran* as llOj 101, Oil* etc, 

(v) Tnjocfaliffdii'on*-—The frisdetahedron is a solid having' 
twetity-four faces^ each face an isosceles triangle- It has 



Fig. il-—TeUaJieKBhcdrDn [ajOj, Trlsoctahfi^ rim [2313, and 
'frapczaluHlron [ 211 ]. 



nfi \ 

Jr’ .. ■ -vl 

■—- 


", 

’ \ -air / 

laT / 


ihe appcaraace qF hcinj^ foouchd by a three-faced pyramid 
grown oo eacJi face of I he octahedron^ EacJi face cuts two 
S1CC5 at ao e^Eiol lengdi, and the third at a greater length 
{sec Ftg. 1?IHU Thi- Wrisa symbol for tlie form is dltrt forc 
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(fl. It, pa), the Miller symboT is {fcJil) and a commonly occiir- 
ring form. iUustrated in Fig. is (221). Odier tris. 

octahedra arc (331), (332), (T72), etc. The symbols of the 
shown in the figure should be L-arefuliy Studied, atid the 
limiting forms—ihe octahedron {111} and the rhnmbdo- 
decahfdron (110| developed. Note, also, liutt the edges 
hetneen the faces 221 and 212 and 122 form a V up^dt 

{vi) Trapru^^krtiran.- —The trapfzohedron or icosuetralii;- 
dron has tiventy-fowr like facea^ each Fact a trapezoids Each 



Tlfi, 22.— Thm. HciKiiiiedmn (3m). 

Weiss t la,, laj ; wJa^nce]. .4. J for Mi Her, which 
Id 1312) fDjT the ihiiutl 


face cuts two aJtes at an equal length, and the third at a 
tmaller length. Tbe Milter symbol is therefore (hlZ) where 
I* is greater than I, and a common form, shown in Fig. 21C, 
•s (211), Other trapezobedra are (311), (411), (332), etc. in¬ 
spection of the figure shows that the limiting forms arc the 
cube (100) and the octahedron (iJi), and, further, that tbe 
faces 211, 121 and 112 meet in a Y which is right way up. 

(vii) HexoctahedfQii .—The hexoctahedron is a solid hav¬ 
ing forty-eight like faces, each face a scalene triangle. Each 
face cuts the three axes at unequal lengths. Tbe symbol Is 
therefore (/ifefj, and an example is (33i). This form is illus¬ 
trated In Fig, 22. in which the symbols of the faces should 
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bt siudit^l, Hy vftryhf^ Uit? te]Rtiun.s iHitwrcn the interuepts* 
madt hy the {aces of the hexoctahedmti, nft th<! other formst 
of thf G^iltrna f ypt may lx-: obtainotL Hie liesihjctulicHlron is 
ilHTehire c^i,1ltxl I lie |;'eneral form tif tliis Jype of cryylitU 

Work with Models* —The best met bod of studying rlie 
i:rysial systems is, of eoiirse, with the help of actual crystals, 
models and drawiti^s. To the h^inner models arc esteed- 
ingly valuable^ Fatrly large glass or wooden int3dels of the 
seven forms of the Galena Type should Ix^ C!»tamined by the 
student until be is satisfied that euth form possesses the 
symmetry elements — 9 planes, 13 a sees and tt cxntrij—de¬ 
manded by the Galena Type, The position of ihe crystallo^ 
graphic axes and ihe symbols of the faces should be. ascer¬ 
tained in each form. Lastly, it js instructive to start with 
the general Eorm^ the hexoctahedroni and to derive ihc other 
forms of the type from it by varying the intercepts; this 
can be fkmonstrated by placing- models of (be seven forms 
side by side in the reading positions. 


Combinations of Galena Type Forms,— Several com¬ 
binations of two or more forms of the Galena Tvpe are 



Fig. 23.-—A_. Cube iinc( OttSLbsilrQi! ; B. Cube [fljj, octahfldrflii {o), and 
rhotiibdodecaliedrEm (d)j C, Hhnmljdodecahedron Idj and teirau 
hez^hedfon |h). 


shown !n 2S and 24- In Frg, 23A there is represeoied 

a combination of cube and ociahedron In which the solid 
angles of the cube are cut off by the faces of tlic octahedron. 
Three forms are combined in Fig, 2JfB, where the octahedral 
faces cut olf the solid angles of the cubCp and the fanes of 
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Lhe fhombdodctahcilron truncate the edges of the cube and 
at ihi^ S4ime llitic those of the ociahedroEU In Fig* 23C die 
rhonibdodecahedroa and the tetrahexahedron are seen in 
combination. F^gs* 2-iA and B show combinations of 
rhombdodecahedron and trapezolieclron such as are commonly 



Fig. 34 -.—MmeraJa of Cts^zna. Tvpe. A, B* Garnet, showing coipbinH. 
EloQ ol rhonitHdlodecjLJiiedjiDn jif). and trapMOhedroo. C. Spmcl, 
showing COJnbEnatjoo of oct&hedrcn (o) and IrapKOhedfen. 


found in the mineral garnet^ the relative developments of the 
two forms differing in the two ^giircs^ and Fig. 24C is a 
combination of octahedron with the trapezohedfon as seen in 
cr^'Stals of spinel. 

SouE Common Galena Tv he MLVEitti^. 

(Taierm. Galena occurs commonly in crystals showit^ 
combinations of the cube and octahedron* as illustrated m 
Figs^ 5 and 23A. 

Fiuor-spar, Rock-talt and These minerals occur 

as simple cubes. 

I-sudfe, 1 eueite and analcite occur ajs simple 

trapezohedra^ 

spinel, Airtifnetife.—These minerals occur as simple octa- 
licdra, someumes combined with rhomhdodccahetlra or 
trapezobedm, as shown in Ftg, 34C, The cleavage of/tnor 
is paralkl to the faces of the octahedron and the cleavage- 
fragments are netnhedra. 

(fflrnpt.—Common crystals of garnet are either the 
rhoralxlDdccahedron or the trapMohedrcn, or combinations 
of the two, as shown in Fig. 24A and B. 
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—Diamond occurs in ocUlhcdral crystals^ which 
on account of etching tests, ctG.p hgve been cojisJdcreti to be 
of lower sj'mmetry than that of the Galena Type. X-ray 
examination sho^vSp however^ that diamond possesses the 
atomic structure of the Normal class of the Cubic System- 
J Pyrite Typo. 

SvAlMt-TRy*—I'he symmetry of the Pyrilc Type can be 
tIeduMd from the typical form of tins type, the pytitohadrun, 
shown, tn 25A. It Is clear that the six diagfonal. planer 
of symnictrv found In the tjalei!i:i Type arc lackin|> to tlie 



Pyrite Type, the only planes present in tlie latter tyj>c being 
the three axial plansSf in which lie the three pairs of paraile] 
edges of the pyritohet^ron. The three crystallographic axes 
are axes of twofold symmetry only. The four axes of three¬ 
fold symmetry of the Catena Type are also present in the 
pyritohedron, so that there art njire^ aitogethefn There 

is a centre of symmctryi since simitar faces, edges, ett., 
tKCUr on opposite stdey of a central point. The student 
should work out this symnietry from a model of the pyrito- 
hedroQ. The symmetry of the Pyrite Type Is therefore 
Planes, 3 axlat. 

Axes, 7 ' p'!, crvstJillogrgptilc axes). 

I ^ I r I 

A Centre of Symmetry. 

FoEMBi—(1) Fyrtfolredron.—This form receives its name 
from the fact that U is the common form Tn which pyrite 
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t^rystaJlises, Jt is al&CJ kno^vn as the dcdecahc- 

t/ropi, since it is bounded b;ii’ twelve penta^oDal faces. I best 
pentagons have ooe edge longer than the other four^ which 
are atike; the long edges run in pairs parallel with ih^ 
Crvstallographic ases^ as shown in Fig. 25A- Each face 
cuts two axes ar different lengths and is parallel to the third. 

The svmbo! ts therefore (/i^cO)^ and a t^'^pical form i& 1310), 
others being (310). (320), (410), etc. It will be recalled that 
the s^'mbol of the tetrahexahedron of the Galena 1 ype is also 
\hm], 010), (310). Etc., and tile relationship between the 
pyrSldht^dran and Ictrahexahedron is shovm in Fig^ 26. 
^^here it is seen that a pyrilohedrqn is produced by the de¬ 
velopment of alternate faces of a tetrahexahedron. As there 
are no <liagona) planes of symmetry in the Pyrite Tj^c the 
tetrahexahedron il.self is not possible, 'I'hcre will obviously 
he two pyritohedra corresponding Eu (he same teirahexaht:- 
dron,—one, the (2f0) form, related to 
the shaded faces of Fig- 30, the otber^ 
Ehc (301) form, related to the unshaded 
faces. The first form. (210)| with Lis 
front edge vertical, rs called the po^i- 
ihe pyrilohedron; the second 
(201 )p with its front edge hori¬ 
zontal, is the mgafive pyritohe- 
dfon. 

(li) Diploid.—The diploid [Fig. 35B) 
is a solid bounded by twenty-four faces. 
Each face Is a trapezium, and they arc 
giciuped in pairs, lietice the name diploid, Hacli face cuts 
all three axes at different lengths, and a typical form is that 
having the symbol ( 321 ). The diploid is related to iht- 
lieyoctahedron (331) of the Galena Type in ihe same way as 
she pyritohedroo is to the tetrahexahedron. It may be re- 
^ard^ as being produced by the development of alternate 
hices of the hex octahedron. 

The pyritohedron and dspEold illustrate what is called 
henjiftedrCsm. Hemihedral forms are those having half the 
number of faces that arc present in the corresponding forms 
uf the normal symmetry ^ass of the system. T^tarfohtdrtii 
forms have only a quarter of this number of faces. The 



Fic. L^.—.Pyrsiohe- 

dnju, Ehewing Its- 
Devetapment tram 
I'tiriiMiEihe-drtm 
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Fro, S7.—Strift^ed 
Cute Qi Pjritt 


form hRvin|r stlj the f^ces which has’e the same position ivith 
rvg^rd to the crystatJoi^aphic axes is called holohedraJ. 
Thus, the pyrilohedron is sometimes called hemdicdral 
form of the tetrahexahedron, which is the fiDlohedral form. 

The other 5ve forms that satis^fy the 
symmetry requirements o£ the Pyrile 
Type are the cube (PX^V. rhombtlodccahe- 
dron {110 )k octahedron lllIJi irisoctahe- 
dron (321)^ 5md trape^ohedrOTi (Sll^ 
These are geometrically similar tp corre- 
spoil ding- forms in the Oaltna Type but 
have a lower molecular symmetry. This 
bwer symmetry^ is evidtot in the case of 
the commoD striated cube of pyrite sihown 
in Fig, 27^ It ivilt be noticed that the strlations on the three 
pairs of faces lie in three dJrectioDs at right angles, parallel 
to tile crystallographic axes, .^s can be seen from the dia¬ 
gram^ anyone of these axes is an axis of two-fold symmetrj', 
whereas^ iu the cube of Galena Type, a crystallographic axis 
is an axis of four-fold symmetry. A striated cube of pyrite 
results from what is known as an arcj^/cfoiy combirraliofi, 
both the cohe and the pyrilohedron having endeavoured, as 
it were, to assert thetr respective forms during crystaQisa- 
tron. 

Common' Fvrite 

Tvpb Mtxehals. 
Fyntff- — Pyrite 
cornmonly occurs in 
the striated cube 
{Fig. 27)^ the pyrito- 
hedroii (F^g, 25), or 
in combinations of 
the pyritohedron 
with the cube {Fig. 
2S), with the octa¬ 
hedron (Fig. 2&) or 
with the rtiploid+ 
Coballite, smaliite and are other minerals that 

LTystalUsc in tlie Pyrilt^ ® willi forn^s ^timllar to tho^’ 
sliiiwrt by pyriiti itself* 





A B 

Tro. 2S.—CtunbinatLCina seen in Fyrttc. A. 

I'yrilubEihrLHi |e]l Eind ettbe ja.). B- Fj- 

rhdb&dnm (e) and Dctahedrtni [u]. 
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3 . Tetrahedrite Typf. 

Symmethv.—T he form tvpic^il of the Tetrahedrite Typejs 
the mtahedron shown in Fig- 29A. Inspection 
hgurt or^ better, manTpulattcin of a tnodd of & letrahedroni 
reveals the following' symmetry. The axial pLanw of syni- 
metry of the Galena md Pyrite types are h^c absent, but 
the six diagonnl f}tttn!s of the foi'mer class are present in 
the tetrahedron* The ihree crystalloiTaphic axes are axes 






Ftg. 29.—a. Tettabedrdsii (Utli^ 


B* D^toid 

mh 


C. TtustitTiiiiedrDn 


a face on the 
The symmetrj^ of the 


of two-fo!d symmclry, and there are, in addition 
of three-fold symmetry which Jo'tl the centres of the faces 
to the apcic opposite them. There are thus setfim of 
symtntiry. There ia obviously flo centi-e of symiTictry, a, 
can be sho^vn by laying the tetrrthednin on 
table when an apex comes above. 

Terrahedrite Type is therefore:— 

Planes, 6 diagonal. 

3^^ (the crvstatlographtc asesj* 

Axes, 7 

, NV Centre of Symmetry . 

Forms- fil Tef^^dron.^The tetrahedron, us its name 

trifngle. and meets the axes at enual distances. The 
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311 jplD the 

i,^ vertical; 
^alij^ed whh 


Fig. 30.—'I’ctraLhLpdr&n, 

Abavi^iEig UcT^^p- 

iKDDt from lie Octfl^ 
hedlrDTi. 


syuiboS gf ihe lorfU is ihereforc (111). It should be noted 
that the cnstallograpbic axes of the tetrahedron " ' 
centres of the opposite edges and that ocic axis 

it is essential that the positions of the axes be reaii..._ 

the help of a glass or cardboard model. 

The symbol (Hi) of the tetrahedron 
shows that it is related to the octahe¬ 
dron (HI) of the Galena Type, This 
reEationship is shown in 30, w here 
it is seen that the tetrahedron can be 
derivtxl from Mie oriahcilron hy the ite- 
vclopment i.d ulri-rosite \U'rf.itn^s. It is 
true that in this exaiinple each octont 

is occupied by only one hut it will 
be seen In the neat form discussed that 
I he selection really is by alternate oc¬ 
tants and not alternate faces. There are 
I us two tetrahedra possible—a positive one w ith the ^^nibol 
■ ■) and illustrated in Figs. 29A and 30, and a negative 
, Vrith the symbol (llfj—related to the tico sets of fares 
the octahe^on. The two tetrahedra are shovi-n in cam- 
Dmation in Fig, 3i. In this example, the neg-ative tetrahe¬ 
dron [s better developed than the positive form. If, how- 
ever, both forms had been equally de- 
veloped+ the resultmg cumbinaiion would 
have been of octahedral '■ form. That 
all the fac<^ pf this octahedron were 
not like faces and that two tetrahedra 
were present could he demonstrated by 
the flrpngcinent of etch-marks, as indi- 
31-- PosiiiTc ^'3tcd iti Fig. 31, The faces of ihe two 
forms sho^v very different etch-marks. 

fil) iJcffoid-docJecailfedKoji, ^^he del- 
EojfWijdecaficdron is □ solid bounded bv 
Iwelve faces, each face being 
or deltoid In shape. The form 
trated in Fig. ^B. Each face cuts two axes at an equal 
length and a third at a greater length. The general svmbol 
is (hhl^ and a tjpical form, shown in Fig, Ls {221}. It 


1 ? 1 C. 

and Xegative 
reLTflliedrft in 
Zinc nhm r^ 

ing diifErant eich- 
□qurka on the faces 
of %htt two fpims. 





THE ELEVEN rS OF CUYSTALT.DdaAPllY 

svil! be recalktl thiit the form tvitli siiiiilur sviubpls in iht 
Galena lype is the trist>ctaliedron [i’E/i/H 221^ elc.), and the 
lieUoEd-dqdecahedron may be consldei'ed tn be made npot liic 
twelve faces of the triscctahtdron that occur in atteriiatc 
Nolc the Lipsidc-ndown V-edges In the corresponding 
p^Jt^ilionsio ihf lu-fi fcjfiny.. 1’here id conriic^ two dcUeiid- 
cknilcruhedni relnled tu a tristn-lahedron, just ns the positive 
and negative tetrahedra are related lo the octahedron. 

tiiij TriitetrahsdFtjn-^'Vhe Lr is tetrahedron is a torin 
buLinded by twelve tike triangolar faces and has the appear¬ 
ance Qf having a low three-faced pyramid raised on each 
face of the tetrahedron, as shown in 29C# Each face 
cuts two faces at eguul lengths and the third at a JtnoWer 
length- The general symbol if^ therefore (hJlj and a repre¬ 
sentative example is (211) 3s figured in Fig- 2^* The 
cmresponding form In the Oalcna Type is the trapezohedrop 
1211), etc.^ and the trislclrahedron shows the twelve faces 
of this form that orcur in alternate octantfi. ^ T^otc tht 
right“Wav-iip Y-edges In the corresponding positions in the 
Iwe> lurms. Thert- it re rigaUi two trislt'EraheclrM rt^Jat^'d Ut 
n irape^ohcdnjn. 

(iv) ffexnfefra/iedrafi.—I hc hesa tetrahedron (Fig, 32AJ 
is a solid bounded by twenty-four triangular faces, these 
corresponding; to I he faces of the alternate octanes of the 
hexoctahedron (32G etc.) of the Galena Type. Each face 
of the hexatetrahcdroii cuts the axes at unequal Imigths^ so 
that the general symbol is example (321 j. 

Again there are i\vo hexaltlrahcdra corresponding lo each 
liex<Ktahcdron. 

The other forms occurring In the l etrahedrsle Type are 
the cube (Irun. the WiofFjhifadFcafiedrnpj (llOJ and the idim- 
hexahedriin (2l0, etc,), giving again seven forms In all. 
Though geometrically siiniLar to the corresponding Galena 
Type forms, the*e Tctrahedrlte Type forms have a louver 
symmetry^ which finds - expression in the distribution^ and 
character of etch-marks and stnaGons, or by pyroelectricityr 
It may be noted that the so-called hemilicdral forims of 
the Tctraheddtt; Type have the faces of alternate ortanU 
of the corresponding forms in the Galena Type, whilst ihr 
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lorma in th& P 3 TJte Type have; the alieroate /tirL-i ol iht 
Galena Type, The three ijpr^s of the Cubic System arc com¬ 
pared on p. 85. 

Common [ ETiiAHEDRiTF Tv?£ Minfuals. 

Te^rahe£f/iTff+—^I'etrahedrile cx^curs as the Letrahedroitn 
and tristetrahedrnnp and as combinatioas of the tetrahedron 
and trifitctrahedron and of the tetrahedron and eube. 

Zme Blende. —^The common nystals of bknde are formtNi 
by I lie eambination uf iKwltlrt" en^l negative tetmhedraj the 



two forms hel%^ diating^n^hed hy etehing tests ns j^ho^VTi in 
Fi>r, 31. 

/tfirtijriVe- — Ikjracite CM^cura In E^rystals sho^ving; a rombirka- 
tirm uf ciibc^ tetralieitm and rhornbdodecah«lronT and a 
crystal of this typ-fr iP g-iven tn Fig. 32 B. 

G. TEJTRAGONAL SYSTEAL 

Axes.— All crystals are classed in the Tetragonal System 
whoso faces can be referred lo twej equal horiaantal crystal¬ 
lographic axes aDti a third vertical axis ^vfirch is either 
shorter or longer than the other two; all three axes are at 
right angles. The two equal horizontal axes have the same 
value and are mterchanguable. They arc both denoted by 
0 , and for ease of referertcc that running from front to hack 
15 called fl,p anti that from righi lo left if.. The vertical axis 
is c. The axial plan and nomenclature Is shown in Fig, 33. 
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I he f tilling posstjon is c vertical, dj ruiiolng Ironl to bnik, 
left. Whilst we liave^ aa tlie custom is, spoken 
of iwo ei^ual horr^ontal axes and a verfjcal at^is dld^erent 
frorri ihese^ w‘hat Is i-eaJly mieant Is that the unit or funda- 
TiK-ntal ftyrm cuts the two horizontal axes at ihe same 
len^s and the vertioil axis at a different length. The 
nxtai ratio 15 determined Erom these intercepts made bv the 
fLindanieotal form* The intercept on Hie c-axis Is given in 
terms of that on a lateral axis* For example, the face 

beJonging to what is chosen 
As the fundamentaJ form for 
the mineral rircon intersects 
the horixontal axes at a dis¬ 
tance taken as unity and the 
c-axbi At a distance of 0^6405F7 
units. For zfreon, therefore, 
the axial ratio is expressed As 
r=064037. 

One synuneiry dasa, that 
diaracterj^ri by ZiVcmi^ of the 
^ , Tetragonal System is dealt 

^e Zircon Type is the Nornml or Jiighest sym¬ 
metry class belongfng to this system. 



33 — Tftra£^HftS Axrt^ 
Shawing cot qi by 

tl» uBiE foms c( ximstt. 

M. 


wilJi here. 


<t Zlrecm Tipe. 

5VSEUETAV. The symmetry 0 / the Zireon Tvpe can be 
made out from a ronsideratron of the axes or by manfpula- 
iion of models of crystals belonging to this type. There Ls 
dearly a horizontal plane of symmelry, containing the hori- 
xonial AXILS A^ and Aj* There are two vertkul planes of sym- 
laelry one coot dining the vertical axis and the a, horizontal 
axis, the other containing the vertical axis and the a, hori- 
/tmtal these two planes are of course at right angles* 

in AdiIhlon, there are tw'o other vertical planes of symmetry 
w hich contain the vertical axis and bisect the angles tN'tween 
the two horizontal axes* There are thtui yf-je planej of 
symmetry In aJl, one horizontal axial, two vertical axtal, 
and two vertical diogonah On account of the leltAgonAJ 
syjnrnelry, four of the dlagonAl planes of symmetry charac- 
Teri-^lic of the Mornml or tlalrtla Tvpcr of the Cubk Svstem 
are absent. " 
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1 lie c-aici 5 is clearly an aatis vi four-fold symmetry. There 
arc four horizontal axes of iwo-fold symmetry,, two of these 
beici^ the horizontal crystallographic axes And the QEh€x two 
being diagonal axes btsecting the a^lcs between ihcsc. 
There are thus fiise ovej u/ Mymmeiry in the Zircon Type. 

Lastly, a cefifre of symmetry is present, corresponding 
faces, et^es, etc., being present In pairs on opposite sides 
of a central points 

The symmetry of the Zircon Type is therefore m fol¬ 
lows:— 

r * (1 IfcoclzontaL vertical)* 

‘'*"**-M iJ vertical. 

I 4" {horizoalal, 3 crystallufrapiik asial, 

A^es, 5 I 8 diagonal), 

I !*'■ (vertical tryatallographie ucial). 

.\ Centre of Svmmetry. 

Form 9.—(i) Baial Pirtacoid.—Wt oiny b^o with a face 
cutting the c*ajti9 at its poaitive end and lying parallel witit 
the horizontal plane of srounetry conlainiog the horizoota] 
a*es Oi and o,. The aym'metry is satisfied by the occufftnee 
of an opposite parallel face cutting the c-avU at its n^atiire 
end. The form thus consists of two faces only, each oittii^ 
the e^azLs and being parallel lo Oj and Such a form is 
called the froiol piitacouf. The symbols are obviously (001) 
for the upper face and (OOi) for the lower face. Such a forni 
is an esaniplc of an open form since it cannot occur alone in 
a crystal but must be combined with other forms to enclose 
space. It is shewo to conibinatioo in Fi^. 34. 

(it) Telrogonnl Friain of the Second Order—itow coo* 
sider a vertical face which is parallel to the c*axis and to 
one of the horizontal asci. The esisteiice of the vertical 
diagonal planes of syiumeiry dcinancls the presence of three 
other faces to compleie the form. A horisontal crystallcK 
graphic axis emerges ai the fnuUff of each of the four foea, 
as showD in Fig. 34A. Such a form is called a Tetrogonol 
Prirm of the Second Order and is clearly an open form. 
The symbols of the four faces are (00i Olfl. iOO. fllO* and 
the prism stands on a squore base. 

(Lii) TetragoimJ Prism of the First Order —Suppose a 
verliral fare ruts tlte two horiiontal aaes at equal dislail«s 
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and parallel tu ihe vertical axi^, Foitr such faces satisfy 
the symmetry. The CEystallographii: aitefi emetic at the 
amt res of The virHoai edg^s as indicated in Fig. 3^B* I’hls 
form is an open form with a square Isase and is called a 
Tetragonal Prism of the First Ordcr^ Since each face cuts 
the two horizonlai axes at equal distances and Is parallel to 
the vertical axis^ the symbols of the four faces arc UOt iiO, 
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Order PflBn] and PinamiiL C- biterrapanal Priam |aiOl ind 
Bual FinEUtFid. 

Ho, IfO- The prisms of the first and second order are 
g^eonietrlcally alike; in crystals showing combinaiidns of the 
two forms their naming depends on the position selected for 
the crystallographic axes, 

(iv) DhetragoTial Pmm.—The prism just described meets 
the horizontal axes at equal distances; we wifi now consider 
a vertical face which cuts the horizontal axes at unequal dis^ 
tances. Such a face vi'Ould be reflected hy both the axiaj and 
diagonal vertical planes of symmetry so that eight vertical 
faces would result. This form is called die Ditefragomii 
Prism and is an open form with faces cutting the horizontal 
axes at unequal lengths and parallel to the vertical axis. 
There are accordingly a number of dltctr^gonal prisma de¬ 
pending upon the different intcrtrcpta made on the horizontal 
axes. The general symbol is (hfeO) and a typical example, 
ahowii in Fig. B4C, is (SiO). 
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riLi- ri'Uili^in ll]r prisms U sEu>iaii ju 

35 j which is a plan of the horizontal plane of S} nun dry, 
lA'lth Llie tt| axis ruoDlng froot to back, axk right to left^ 
and the c-exis emcrgJrig at the intersection of these two 
axe^^ The student should complete the symbols of tije 
various faces whose edges appear in the plan, 

(v) Tiitragonol Pyrawd cf tkc Second Order ,—TTie last 
ihree iuirni&—^the Prisms — of the Ziroon Type with wlddi 
WE have dealt have faces which arc parallel lo the vertical 

Exystallographic ask. The three 
remalnSny forms—the Pyramids 
—now" to tie described are analo^ 
gous to the prisms but cut the 
vertical axis; they are dosed 
forms, that 13 , they can endose 
space alone. The first is the 
Tetfagoml Pyramid of the 
Second Order. In this, each 
face cuts the venical axis 
and one of the iiot'i;£ontat 
axes, and is parallel to the 
other horizontal axis. One such face in the upper 
half of the form is repeated three times by the diagonal 
planes of synimetry, and the resulting four upper faces are 
reflected in the lower half by the horizontal plane of sym- 
tnetry. The form thus consists of a square double pvramid 
with eight iso^eks faces. The horizontal crystallographic 
axes emerge at the cent re j of the horizontal edges. The 
general symbol is (hOJ). If a face of ihk pyramid cuts the 
horizontal axis and the vertical axis in the same ratio as the 
□xlaJ ratioi then the symbol of the form is (tOl); such a 
form is illustrated In Ftjf. 36A, This form flOl) clearly 
has the face$ iOl* Oil, fOl, Oil above, and IDl, Oil* lOl* 
on. below. Id any mineral^ a number of pyramids of the 
second Order may occur according to the variations in the 
vatue of h and I in the general symbol Examples are 

(in2)„ (l03)p eic.^ which are flatter than the (iOU 

form, and fSOl), f302)^ etc,^ which are steeper. When 

the pyramid hft-'Oines^ as it were, infinitely sleep, that k 


tJq, ao.—Rdatiqo^ oF 
TcIxaifDDAl Pri^n, 
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when the intftreept on the r-a^cis becomes infinite ^ tliat 
J = 0* then the f&rm becoiii^eK a prism of the second order. 



(vi) T^iragotml Pyramid of Vte First The faces of 

this form cut the two horizontal axes at Ebc^ual distances and 
also cut the vertlcaJ axis. The form consists of eight 




Fro. 37_^CcmbiiLatjgim ic ^itodii Type. A. ZitCOQp f^fl-64; ni (110), 
p itllT- B. ftctikp f = O^04; a (100), m (^10). e (101), s (Ull. 
C. ApcphyilitE, a flDO), c (OOl), y (31QJ, p (111). 

isosoeles faces giving a pyramid simliar in geometrlc^ii shapt^ 
to that of the second order. The hcrisiontal crystallographic 
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axel eiiiEr^e at the inlersetrtions oi the horizontal edges as 
showti in Fig. 36B. The general symbol for the unit or 
fundamental pyramid, winch cats the axes at ihe lengtlis 
taken as slandarcts for each a)clSp is (11!^ iUustrated in Fig. 

This form has the faces 111, lilt lii» Hi above, and 
111, Ill, lilp lil below. For eadi mineral there are □ 
number of pyramids of tlie first order. Pyramids flattet 
than tbe unit form {1111 have symbols such 
as (11 2], (223), (114], etc. t pyramids 

sleeper than the iimil form are (23l)t (332}i 
(441), etc. The limit to tbe flattening is llie 
basal plane (tXH), to the steepening, the 
prism (llOJi^ 

(vie) Djfefragoiiol Pyramid* — The di- 
tetragonal pyramid has aixteen scalene 
faces which meet the a3ees at oneqnal 
distances, Tbe general symbol Is {hkl) 
and an example is the form [211) shown 
in Fig. BfiC. It should be noted that 
the essential feature of the ditetragonal 
pyramid is that h and fc are different. 
Thus, the forms f212). (211), etc., arc 
clearly ditetragonal pyramids. There arc 
of course, a number of ditetragonal pyramids possible for a 
given mineral- 

Cdumqx Zircon I ype Misekals* 

The commonest: mmerals crystallising in tlic Zircon Typf 
arc zircon, rutUeg caasitcrite, anatasCt idocrase and. apophyl- 
lite. EKamples of tbe combinatjons found in crysEals ol 
some of these minerals are given in Figs. ^7 and 38- The 
^'ircon crystal shown in Fig, 37A Is a combination of prism 
of rhe first order (llDU and a pyrainid of the first order 
(lit). The rutile crystal of BTB shows first order prism 
(ilfl), second order prism {iW), first order pyramid (ill) 
and second order pyramid (tOlb The apophyirite crystal of 
Fig. 37C is made up of prisms of second order (100), ditetra¬ 
gonal prism (31 fl), iiyntmid of firsi order (ill) aiul ba§,iil 
pitiHCold fiinil. Ihhci ap<iphyllile crvslak are illustrated m 
Fig. 15. The idocrase cry stal of Fig. 3B is a combination o( 
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prisiii id first order (HO)-, prism of seojnd osder (pvra^ 
mid of first order (ill)K miti baird pinairoid (OOl). ^ ' 

HI. HEXAGONAL SVSTEM. 

Axes,—-The Hi-xftgonal Systtijn contains Lhose crystals 
that can be referred to four axes^—tliree equal horizontal 
a5tc:ft ntaking^ an^tt -5 of ISO" With each other, and a vertical 
axis perpendicular to ihe plajie cofdatnln^ the hori^toutal 
aiteti. The axial nomenclature and polarity are shown In 
f^ig- Sy, and should be carefully studied. The three hori- 
ronlal ases are lettered n*, and ihe verikal axis is 

Note the positiorts of the 
positive ends of the hori- 
zonlaE asccs, and that posi^ 
tive and ne^ativ'c ends of 
liiirse axes alternutc- Sym¬ 
bols of tares in ihe Hcxa- 
k:onal Svb^tem thus have 
four numbers in them and 
the axial order is u, n, 
c. Tlicre is a simple 
rcla \ I onshi p beiwcen the 
^ indices rd^erring tg the 

d1 vftldUc. Kith r=-ea. tiieJr sum is always zero, 

so that trwo indices having 
been calculated the third is jgtven by addin^r these two to¬ 
gether and changing the sign, Kxampks of hexagonal sym¬ 
bols to show this rclalionship are (213 j», ( LOU), (3121), svhere 
at T3 noted that tlie F?tlms of the first Three figures are ^ero. 

[n the Hexagonal System^ the unit form is Tjounded b\ 
faces that cut the vertical axes at tlie dlstaucc taken as the 
unit lor that axis, and cut hvo liori/ontal axes at equal dis- 
lances taken as the unit for the horrzontat axes. It is clear 
that if a face cuts two Horbonta! axes at the same distances 
it must \h- parallel to the third horiEontal axis. The unit 
fo™ must therefore have a symbol Ukt fiOllJ, From the 
unit form lheJ.v3ii/ /?iHpo is obtained in the xamc way as in 
the Tetragonal System. Ft is the ratio of the intercept made 
V the unft form on the c-axis to that made on a horizontal 
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For beryl^ the axial ratio ii=;0'40Slli which e*- 
pr&ssea the obsc^v^?d fact that the face of the unit fottn cuts 
two hori^eontal axes at a tl [stance taken as unity and th« 
vertical axis at a distance of O'4039 such units. 

Pour sytiitnetry classes be longing^ to the Hexagonal Sys¬ 
tem are dealt with in this book- 1 he tiormal cla&> 5 , or* that 
possessing the highest symmetry possible in this sysitm, 
the Beryl Type and l]|i$ is hriefiy considered here- Three 
other types w^ith lower symmetry—the ToiirTnaiifi^ 

and tvpcs—Arc described in some detail. 

&. Beryl Type^ 

The Beryl 1ype h not of importance except for the illtis- 
trntaon of the norni:al hexagonal type of symmetry. It is 
exactly analogous with the Zircon Type of the Tetragonal 
Systcnifc and its symmetry can be easily detluced from that 
of that typci so that there is no need to consider it in detail 
here+ 

SYJ^Mnitv.—From a considcratlpn of the axes there Is 
clearly a borixontal plane of symmetry. Six vertical plan» 
of symmetry, three axial and three diagonal^ are compar- 
ablr \\nih the four vertical planes, two axial and two 
diagonal, of the Zircon Tj^je. There are thus seven planes 
of svmmetry in all* The vertical axis is an axis of six-fald 
symmetry p analogous wilh the four-fold axis of the Zircon 
Type* There arc six axes of tw^o-foUl symmetry in the horh 
zontal axial plane, three being I he crystallographic axes and 
three tliagonal j these compare with the four horizontal axes 
□f symmetry of the Zircon Type. There arc tlierefore seven 
axes of symmetry in the Beryl Type. There is also a centre 
of symmetry. The complete symmclry is therefore: 
n, PT 4 axial (1 horizontal, 3 vertical). 

^ 3 cliafTonal, vertical, 
j 6" (horizontal, 3 crystallographic axial, 
Axes, 7 S diagonal). 

i 1^'^ (verticil cry^stallogTaphii: axial). 

A Centre of Symmetry, 

Forms. —(i) Buml Plnacoid. —This Is an open form con¬ 
sisting of two faces, each cutting the verticQt axis and being 
parallel to the three honmntat axes. Symbols of the fnr^^ 
are (nOTlj l and (000!b 
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(u) H^y.agomil Prism of the S^oond Order. —This open 
form IS ft prism of sis facts^ the horkuntftl crysiatlo^aphic 
ajces joining: the centres of opposite parnlkl i^ces, ns showm 
in Fig. \\h h face is. poralk:! to the nxk^ ami 


ft B C 

t ie 41.-CombiiLBlitma ol Prising find Basal Finacoid in the Btf 
Type 1 iV, 2nd ctrder prisEm and picikCoid- H, lal on 

pinwid^^ pinacoEd. C, ritbetfi^cinid priscp and ha 


FlC. 40 .—PUn ihawLa^ Ibe RdaEianfl of iba l^nsm^ in 
Reryl Type of the Ff^agonaJ System. 
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cuts aU three lioriJOirLtal axes, one the tmit distance artd 
the other two at twice this distance. That this relation 
holdir can be seen from Fig, 40. The Wdss notation of a 
face is therefore la,, cx c)^ whence the MiJler 

symbol is (ll&O). The form h represented in Fig. 41 A. 

(ili) Pmm of First Order . — This open form is 

a prism of six faces, each face parallel to the verttcal axis, 
and to one horizontal axis, and meeting the other two hori¬ 
zontal axes at equal distances, as shown in Frg^ 40. The 
crystallographic axes emerge at the centres of the vertical 



43.—Hexa^anaJ Systtm. A. Hcxaj^oaaJ PyEaPlid Cif ^eonnd 
Order B. HfixaEDimi Pyramid Firtt Drdei IIOllj, C. 

T}ihrexa|{diia.t Pyia.iiLi d ( 3131). Aa i al Ralio^ c ^ 


edges. Ihc Weiss notation for a face Is {la,. X a,, 
la^. ix i::)^ whence the Miller symbol is ^lOlO)* The fonn, 
symbols and position of the axes are shown in Fig* 41B- 
(ivj Oiilie.tjigcPTrd/ PWjin.—This open form has t^velvc 
faces, each parallel to the vertical axihi inud meeting the three 
horizontal axes at different lengths. Fts generaJ symbol is 
thtSO), and a typical form being (tMStl), I'hc rdation of the 
faces of this form to the horizontal axes is shnwm In Fig, 4(h 
and the form Itself in Fig. 4lC. Note that li has two kinds 
of vertical edges that alternate round the prism. 

(v) HexEtgonai Fyri^mid of the Second Order ^—This is a 
clnsrEl form, analogoui? whh Lbc S^t^i'uiid (Jrdvr prif^m; uai. Ii 
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of its twelve faces cuts the vertical iisls and all three hori- 
Mnlal axes, one at the unit distance and the other two at 
ttvice this distance. The general svmbol is this {khUhl) 
and to pical fomi^ are fiiaij, (2243]etc. A second 

order hcsa^anal pvramit] 15 illustrated in Fig^ 42A» 

(vi) Bexi^gomt Pyramid of ike Fitsl Ordtr .—This dos^d 
form corresponds to the First Order Prism, It eonsists of 
tiiVelvc like facts each cutting two horcEonfai ajres at equal 
distances and being p,^rallel lo tlw other horizontal 
iintf cEittirtg the Tert ical The gen era I symbol is thu^ 

f/jQWh and (IHi I) h a typical formn illustrated in Fig. 42B, 
In any mineral, there may be a number of pyramids depend¬ 
ing on ihe ratio of ihe intercepts on the vertical and hori^ 
zootal aKiss. Examples are (IDll), (I0l2), (20S3), etc. 

(vn) Dthexagonal Pyromid.—This form is a double 
twelve-sided pyramid shown in f ig. 42C. Each face cuts 
the horizontal aarei; at unequal distances and also the vertical 
axis. The general sj-mbot is and a typical form is 

(2131). ■ 

[t Is a useful esci?rcise for the student now to compare Che 
forms in the Zircon Type and the Beryf Tvpc, especLatly 
with respect to indices. 

s. Caleite "TypE. 

SVMMETRV.—The ‘.ymmetry of the Calcite Tj-pe ciun bi; 
obtainctl by studying a typical form bclonfjLng to the type. 
The form we select for this purpose is (he rhotnbohedron, 
described and figured below. It is a salid bounded hv three 
pairs of rhnmb-shapcd faces, and it looks- [ikt a pushed-over 
utilK.% Insp^tion of the figures of the rhombobcdroii in the 
reading position or, better, manipulatian of a moiJcI, shows 
that there are present three vertical diagonal planes of svni. 
metry, which iir midway between the honzontaT crvstailo- 
p^phic axes. The vertical crystallttgraphic axis,' which 
joins the two solid angles formed by the obtuse angles of 
the rhomb faces, is an axis of threc-foJd symmetry, as mav 
be tested by rotating the rhombohedron abo'tit this axis, when 
three similar rhomb faces occupy a similar position during a 
comptetr turn. The hoviznntal axes, whkh join the midi^es 
of the parrs of opposite edges, irre axes of twfj-fold syni- 
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iiietry as may be dciriOfistfated in the sax n e tt ay. The ^ace** 
edgeSf ^ I'hombohcdraD occur in pairs on opposite 
sides of a central point. Lay the rliornbohcdron with one 
face oil the table i a second face appears at the top parallel 
with the sofface of the table* The rhombohedron therefore 
has a centre of symnietiy^ 

J’he symmetry of the Calcite Type is therefore^ 

Planesp 3 vertical diagonal. 

I horizontal crystalTographii: astes, 

’ 1 vertical crystallographic axis. 

A Centre of Symmetry* 



e 

Km. —A. Hliambohedjon^ {itilL] \ ihHb i: — 2. B. ScoIeDo- 

bedToo ( 31 ^ 11 ; Biiiil raEio r CaJEiitc. 


Forms.—[}) RfcoinbaAeiiron. —The rhoinbobedran is 
figured in Fig. 43.4. It has six like faces^ each rliorab-sbapcd. 
The e-axis joins the two solid angles formed by the obtuse 
angles of Llie rhomb faces and the horizontal axes join the 
middles of the pairs of opposite edges. In the reading posi¬ 
tion ^ therefore, the rhombohedron shows three faces above, 
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and tlir^e facea belvw. For tach face above there is an edge 
belo^i' aod for each edge above there is a face below. The 
lateral edgeij aig-zag round ihe crystal. Inspection of tiie 
rhombohcdron will sliovv that its faces are arranged in 



Ftn, I hreB Rtiqmboliedfa at Calciter and liiduiattDQa 

cf rh&inbalKdTal faces. B. Prism 3Uid scaleoatiedfOD tsi 
Cakite, Wilh dcfivagE^tu,^ ni decaTaga^rbambol^e^ltDa 
(lOllJ. 

accordance with the syttwnctry of the Cakke Type. Instead 
of developing- the S 3 'ninietry of this type'from an examina¬ 
tion of the rhombyliedrcint might have stated tlic sym¬ 
metry and developed the form of the rhombohcdron. 

From the figure it is seen that the upper front face inter¬ 
sects the ttj mis at a cerlam distancep is pamllc] to the 
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as is, culs the flj axis at a negative distaoce equal to the 
intercept on the and cuts the c-axtSr The generaJ 

j^ytnbol is therefore (liOhJ), and ihe unit rhombobedron^ 
cutting the axes a I the standard distances, has the symbo! 
(toll). The stttflent should develop the indices o^ the faces 
of the unit rhombohedron shown in 43^ There arc 

clearly a number of rhonibohedra possible in any given 
mineral. Rhombohedra Hatter than the unit form have syin- 
bots sucli as (tOlS), (0S23), etc.; rhombohedra steeper than 
the unil form have symbols such as etc- 

Examples are given in 44 where the profiles should be 
studied. 

It will b* recalled that the form liaving the general sym¬ 
bol (hOhl)i (Idi), etc., in the Beryl or Normal Type of 



F'Jn^ 46. — Plug 
K h ombehediaii^ 
dhottiag its. Dc*^ 
^ckipnient from 
th^ HeJca^onaJ 
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FiG. 4fl.—PosiMve bdJ 
Negative Rhambo- ‘ 
hciha. 


the Hexagonal System is the Hexagonal Pyramid of the 
First Order- The relation between the rhombohedron and 
this latter form is shown in Fig^ 45* where it is seen that 
the riiombohedron may be formed by developing the alter¬ 
nate faces (really, alternate seetants) of the hexagonal 
pjTaniid* There are therefore possible two rhonibohedra of 
similar geometrical form—the positive rhombohedron such 
as (lOU) having a face uppermost, and a negative rhombohe- 
dron, such as (OlLl), having an edge upper most, as shown 
in Fig. 4Q. The two rbombohedra may he distingalshed by 
eich-m-arks or other propertEes^ 

(11) ScnlenahedTon.^Thc scaienohedron^ shown in Fig. 
43is a jKilSd bounded by twelve faces, each face being a 
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sicak tir liiiinj^lL. The lerminnl cilgus art alternately blunt 
iuid dmrp^ ftnd the lateral edges zigf-zag round the crystal. 
Each race cuts the vertical axis, and also the three hori^ 
menial ajtcs st unetjual dislfinces. Tile general symbol is 
thus {hikl] and an example is {2l3j) which is shown Ld the 
figure- 1 here are, of course, mariy 
scalenah^ra possibk in the crystaJs of 
□ne particular Enineral. 

1 he formt in the Beryl Type having 
symbols like (2131) is the Dihexagonal 
l^yramld, and the relationship between 
the scafenahedron and this pyramid is 
shown Id Fi^. 47- The development of 
the faces in alternate sectants of the 
pyramid and suppression of the others 
ivould lead to the form a don of a scaleno- 
hetSron. 

The fii'e reoiatning forms of the Cal- 
eitc Type arc geometrically similar to 
those of the Beryl Type* but have a 
lower molecular symmetry. These 
forms are:—the Basal Fitmcaid fOOOll^ 
the three prisms—HexOgoutil Pnsm vj 
the S^cojtd Order (ll^J, Hexag:onal 
Prism £>f ihc First Order (lOlO) anti the 
DihffAugtmfl! rvijm (/gfeO), (2130). etc, 
—and, lastly, the Hexagonal Pyra¬ 
mid oj ike Second Order, such as 
IflSi). 

CowMox Calctte Tv PE Minerals, 

Calcite .—Gatcite occurs in various combinations of p^3sms^ 
rhombohedrap and scaknohedra. Its crystals are of great 
beauty And display a number of varied habits as shown in 
Figs, 44i 43. A common crystal of calcite is shown in Fig, 
43, and consists of the prism of the fir&l order ni (iMO), a 
scalenohedron v (2131) terminatefi by a flat negative rhambo- 
hedrnn e (0112). Calcdtc gives by cleaving the unit rhombo- 
hedron (101 and often the ends of sealcnohedra! crystals 
show one or more cleavage-faccs, as ihustrated in Fig, 44, 
dor to rough usage. 



Flu. 4 T.—Tl 4 c 
IfinQh&drcin f3131|i 
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Sidiifile . — Sldcrile oocuis m rhDoibohpdrp the- faiies of 
whiiih iire tijmetixnes curved. 

Curutidum .—Cortiiidum forms crystals o£ pyramidal or 
barrel-shapL-i:l habits j water-worn examples of these arc 
shown in Fig. The acute pyramidal ccYsiiik show the 

form (2243). a hot agonal pyriimid of the sccoihL order, 
dominant. The barrel-sliaped crystals arc oombinations ul 
various pyramids of the second order, such as 
(14 14.2S.3), (2241), (2243), terminated by the 
basal pinaccid (Wi). flcKagonat prisms such 
as {lt50j and rhombobetini such as (IOil) arc 
commonly seen in corundum crystals. 

Ifpmaiiie. — Hematite tjcctirs in thin tabular 
crystals, usually showdng- the basal pinacoitl 
lOnOl) and a positive rhumhohedron (lOll)- 

7. TonrniHljEl# Type. 

FinCal- SvwMttKV,^—Crystals bdanging lo the Tour- 

ype illustrate the phenoineoon of hemi- 
priEm [m\l riiQTphism. In ihc symmetry types already 
S c aTcnahr- dealt With here we have found that the Uvo ends 
cry^stallogTaphic ajiis or axis of sym- 
kbembolK- metry arc similar wnth regard to the grouping 
dion I he crystal planes around them. In hcmi- 

morphic types, however, this is not the 
case, one half of the faces of a holohedral form being 
grouped about one end of the axis and none at the other end. 
Htmimorphlc forms obviously cannot enclose spacE, and 
must occur iu combination w'ith other hemimorphjc furmii 
to produce a cry stal rlliTerirtg markedly in appearancE at the 
two ends of the axis in question. It is clear that there can 
be no centre of symmetry in hemimorphic crystals. 

The syrnmetry of the Tourmaline Type can be derived from 
that of the CaJeite* Ty'pe by considering the consequences of 
the removal of the centre of s'^mmetty from the latter tjpc- 
The three vertical diagonat planes of symmetry are stilt 
possible; the horfKcmtal crystallographic axes are no longer 
aKcs of symmetry since the forms differ at the two ends of 
the Tcrticial Bxis,"*o that the axes of syinmetry are reduced 
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to one of lliree-foJd byniiiietr}',^the vertitaj crysiallographit 
as IS. Tliere is, of coiirs*. no centre of symmeify. The sytn- 

melry of the TountiAline Type is therefore * _ 

Planes, S vertical cJiagionaJ. 

Asres, the vertical u'rj'^tallcigrapiiic axes. 

No Cenire of Symmetry, 




tJS, it), —Plan fbouLng Relations of Prjsma m Tlie Jourmniiih: 

lype- 


..tjff 


Foa^ts, jia} and (lh], Upp^t Basal Piatif fiwd ho^er 
Basal Pfflfie.—Since there is no centre of symmetry, the face 
euttini; the e-axis and lyin^ paraJlcl to the horisontal axes 
fulfik the symmetry requirements in itself. I'he i^o faces 
0001 and OOOi of the basal ptnacoid of tlte aormfll hexagonal 
crystal arc here two distinct forms, the upper hasaJ plane 
or pedion (0001) and the lower basal plane or pcdlan (000{j. 

(U) Hexagonal Prism of I he Second* Order.—The form 
(1120) saiisBes the sytnmetry as seen in Fig, 40, and is a 
possible form in the Tourmaline Type, It is a hexagonal 
prism of the second order similar to that tn tJie Bm-I or 
Calelte Types. 

(iil) rn'goiMl Prism of the First Order, form that has 
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I ire LOlO wili be cqmpleUfl by ihe addition of two more 
faces, 1100 and OllO, inspecllon of Fig. 49 sboTArs, This 
form thus consists of three alternate faecs of ttie hejcagQaal 
prism of the first order, and is caJIcd the Trtg'aiarti Friim of 
the First OrdeF [lOlOl^ or L nif Tngonal Prism, llitre are 
11 early i^vo trigonal prisms p ( lOlO) and (01 lO ). 

(tv| prism.-^h dan be seen from Fig. 49 that 

a ^iven face 1230 can be accompanied only by five other 
faces, by vlrtuE of the diagonal planes of symmetry cf the 
Tourmaline Type, Such a six-sided prism^ with two alter¬ 
nating kinds of edges, is called Lhc Oitrijonoi and 

it ciearly consists of alternate faces of the dihexagonal prisiu 
of the Caicite Type. 

(v) U^mimQrphic H^xagami Pyramid. —We have seen 
that tJie Hexagonal Prism of the Second Order is a possible 
form of the 1’ourmalinc Type. A pyramid sudi as (li2l) 
corresponding to this form \vonld agree with the %^ertical 
axis of threefold symnietry and the three diagonal planes 
ol’ symmetry of the Tourmafifie r>'pCi bul would nut agree 
wjtli the Ltbsence of a centre of symmetry, lliis last require¬ 
ment limits the pyramid to ihe six upper laces only, so that 
in the Tourmaljne Type there are twm separate formSp one 
formed of she six upper faces of the hexagonal pyramid and 
I he Ollier of tlie six lower faces. Such forms are called 
H^tidmorphic He.^agonal Pyramids. 

(vi) Trigotial Pyramid .—Consider the face lOll, tvlddi^ 
in itie Caicite Type, is an upper face of the positive rhom- 
IwhedroD. In ihc Tourmaline Type, the aymmclry is satis¬ 
fied bv the Dccurrenec, in addition to the face tOl I, of thr 
faces 11 Cl I and Tdll, and these ihree faces are ihc three 
upper facc^ of the unit positive rhombohtdrtm. Four sneh 
(rigoijjJ p)framlds arc ri^lated to one another so thai one, 

(Ibll), may be considered tu consist of the three upper 
faces of a positive rhombohedron, a -second^ e.g. (1011)+ ol 
tile three lower faces of the same rhombohedron, a third, 
{ioirh of the three upptr faces of the corresponding 
negative rliumboliedroo and the fourth, e.g, ^^h"' 

three lower faces of the same negative rhombohedron. 

(vli) DitriganaJ Pyramid, —There are four difrigtituii 
pyramids which correspond to positive anrl negative scale- 
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ikohixlra hi tht ijiimt ivay as tht: tEi|^Dnii| pvTanijds 

just described correspond to the two rbturubohcdra^^—that 
one ditrigociaJ pyramjLl such as (2l3l) is made up of the 
upper faces of the positive scalenohedron, a second of the 
lower faces^ a third of the upper faces of the negative 
scalcEioihcdran and a fourth of the lower faces, 

Tourualine Crystals. 

TourmaJine commonly occurs In prismatic cryslals having 
the tivo trlg^onal prisms {[fijO) and (OilOl usually tine^inaliy 
developed. A vertical strlation is often seen ttuc to oscilla-^ 
tpry combination of the trigonal prism 
(IQlO) and the tjeisagonal prism {lt£0j. 
TerrninatTons of tourmalEne cri^stals show 
various tngonal pyramids. A crystal 
illustrating these ctiaracltrs of tourma¬ 
line is shown tn Fig, 50. 

S, Quurlz Tyiie. 

SviTMErHY.—The conimoncst crystals 
of ijuartz occur “tn the form of an ap* 
parcnlly liexagonal prism boon (led alxjve 
and billow by apparently hexagonal pvni- 
nilds. I has it wnuld appear that quarts 
belong I :<| to die iJeryl ] ype* and thercrorc possessed the 
highest symmetry of ihe Hexagmia! System. However 

quart]£ is proved to have? a -iymmEtry much lower [han that 

of hcryl by hvo main considerations. First, ctch-marks in¬ 
dicate that the pyramidal or prism faces art not all of the 
Mmc kind, as shown in Fig, 14. Secondly, the oecrurrence 
on some cr^tals ot quartz of faces belonging- to forms^ 
cal ted the trigonal pyramid aii<i the trigonal trapesohedrotii 
haidng a much lower symmetry than the Bery l Type, shows 
that the charanturistLc forms are not simple hcstagonal 
pyramids or prism.s. 

The symmetry of quarti can be demonstrated with the 
characteristic form, the trigonal trapezeEiedron, shown In 
Fig. 5L This is a six^faced &olid bounded bv trapezium 
shaped races and having the general symbol (kikl}, rnspec- 
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Lon oE the drawing or oE li iT5odel shows that there are tiu 
planes of symmelry present. 1 he vertical crystallogTaphic: 
axis is an axis of three-fold symmetry, a similar face oocupy- 
ifig a similai' position three times daring a complete revolu- 
tinn about this axisn The horizontal cryslanog'raphic axes 
are axes of two-fold symmetryi There is obviously no 
f centre of symmetry. The symmetry of the Quartz Type is 
therefore:— 

Pla^es^ none. 

» 31*, die horUontal cryatalJographic asos. 

Axes, 4 t iiiJ^ the vertical crystallographic axis* 

Xo Centre of Symmetry+ 



Flfi_ 5l.^QiuirEz Type. A. Trlsonal Trapencbcdr™ 
U, Xrieofflftl Pyramid (lliH). 


Fokms.—-( ij Tn'g&ttdl Ttapats^hedron ^—llic Trigonal 
Trapezohetlron is a solid bounded by six trapezium-Khaped 
facesj and the relation of-its faces to the cryslallographEc 
axes is apparent from its general symbol (liiAI)- The hori¬ 
zontal crvstallngraphic axes pass through the centres of 
Opposite lateral edges. This form has one quarter of the 
faces of the dihexagooal pyramid (e.g, Sl3l) of the ^formal 
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nr Beryl Type, and ts an example of srHrtdled tetartohedrism. 
I'ottf trapezohcdra arc related to each dihesaeonal pvramid 
a ng-ht-haTidcd iwsitlve form such as ( 2131 ), a left-handed 
[wsiiivc form such as ( 3151 ), and two corresponding nega¬ 
tive forms, (I 3 SI) and ( 1231 ), In Fig. 51 , a right-handed 
positive trigonal trapeMihedron is shown. A commonly oc- 
cumng' farm in quartz is (5161). 





as shown in 


I^'irs. S 2 . ReJationi of llte Prisms in the 
Type. 


J PyronJitJ, 

—The trigonal pyramid 
is B form bounded by 
tJte six faces of a double 
pyramid, the base of 
W'htch Is an equilateral 
triangle and the sides 
arc isosceles triangles. 
The forro illustrated In 
Ptff. 51B hBS the symbol 
fliSl)^ and a study of 
this figure wtU shnw' 
tlVdt the fqrjtii satisfies 
the symmetry of the 
Quartz Type. The 
general syjmbol is 
and Corre- 
^.ponds to that of the 
hexagonal pyramid ol 
tlic second prder^ 

From such a hcKagona] pyramsd 


hvo Irimnal “ "“^iigonai pyrimk 

pyramid.^ are derivable, one right-handed, e.jir 
(J 121 ), and one left-hantkd (aJll), ^ 

fti crystals the trigonal tfapczohcdron cun Li 

re^nised by the tnangular or trapezoid shape of its faces 
w I. t B trij^nal pyramid maltt'S diamond-shaped faces 

Fig-^ 53 below. 

^^.^ombohtdrari,~-^A face ffucJi as IGl t would be re^ 

repeated about the vertical axis of ttiree/old symmetn* tc 
give three faces above, and the diree horbtonial axes of twO' 
fold symmetry give tJiree sjcnilar faces below. The result¬ 
ing form IS the ordinary rhifmboktdront such as (lOll) 
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There are botli positive and negative form.s and, in some 
quartz crystals, they may be aboni ttpally developed, pro¬ 
ducing- together a form like that ol n hexagonaJ pyramid, m 
sliown in iSS. 

{ivj Trigonal Prism of fhff Second Ordtrr^—Hy making 
the intercepts on the vertical aicis of the faces of the trigonal 
piTamld infinitTr% that h by making the facts parallel 

with the c-axjs, a thrcc-faced or trrgoiraJ p/ijm (1120) Ifi 
prod need p as sho wTi In plan in Fig. 52. A righl-handifd tri¬ 
gonal prism such as (1130) and a left-handed form [2110} 
are thus possible. 

(vj Ditrigonal prhmr —^Similarly^ by making the faces ot 
the trigonal trapezohedron (2131) parallel with the vertical 
axis, a six-fact^l nr ditTig-anul prism (2130) Is produced. The 
edges are sharper and blunter altematcfy, as can be seen 
from Fig. 

(vi) Hexagonal PAsm of the First Order .—The hexagonal 
prism of the first order (tOlO] conforms To the symmetry 
demands of the Quariij Type find is a posslbk form In thfs 
type. It is geometrically similar to the Gorrespoiiding form 
in die Beryl Type (see Fig^ 52), 

(vii) Basal pinaoold .—The horizontal axes of symmetry 
of the Quartz Type require two faces cutting the" vertical 
axis and lying parallel with the horizontal axes. The sym¬ 
bols of [he faces are of course (0001) and (0001 )- 


Common Minerals oe the Quartz Tvte. 

Quartz and cinnabar arc the commonest 
minerals crystallising In the Quartz 
Type. 

Many crystals of qtutiiz^ as already meji- 
tioned, are combioatEDns of the hexagonal 
prism of the first order (IGlO) terminated by 
the two rbombohedra, (lOll) and (0fll)\ 
VV*hcn these twQ rhombohedra are equally 
developed, a crv'stal appearirig to ha\'e 
the symmetn^ of the Beryl Type Is pro¬ 
duced. Often the two rhombohedra occur alone pro¬ 
ducing a combination having the outward form of a hexa- 
gounJ pymtTiid, as shown in Fig. 122. Some crystals of 



Fic_ 53.— 
Quartz Crystal. 
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quartz s]ioi,v, in addition to the prism and unequally dc- 
vdophtd rhombohedra^ small faf^s he longing- to the trigtjnal 
Lrapezoliedron (51011 and the trigitnal pyramid {1121)^ faces 
of the lormiT being" trapezoid or triangular and of the latter 
diamond-shaped. In Fi^. ful there is given such a combina- 
lion of hesaguiial prism hE iJie tirst positKe and negti- 

tive rhombehedrap and trrgonaJ trapezobedroo and trigonal 
pyramid. Such a cri^stal is called right-handed. 

The correspondir^ symmetries and forms of the four sym^ 
metry classes of tlie Hesagona] System dealt with here are 
shown in the ta3>le on p, IdQ. 

TV. ORTHOBHOMBfC SYSTEI^. 

Axes*—All crystals whose faces can be referred to three 
iiTieqiial at riglit angles heloug to the Orthorhombk 

System. The axes and their 
nomenclature are showni in Fig. 
54. One axLs^ the c or vettical 
axis is placed verticaL The 
shorter horizonlal axis runs 
Front io back and Is the ei-axis 
Of tlie htachy^xis^ so caUed 
from the Greek word for ^harf. 
The longer horizontaJ axis then 
runs right to left and fs 
the h~axis or the macr^-axis. 
Irom the Greek w*ord for 
long. 

As is the custom, we have 
spoken of the three axes of the 
Orthorhombic System as un¬ 
equal, implying thereby that 
die inlerrepm made hv (he 
fundamental form on the axes 
ore alldid'ercnl in Icngih, The mtrrcepl that this form maki'^; 
on the h-axis is tiktn as unity, and therefore the expression 
for the axial rafia is exemplified by that of barytes : 
a: b: c=0Sl52t t z 13136. 

which slalr^^ iht- lihseirvcd fart that the form I'huscn as the 



Fig, --OrtfaottiCFDiblc axes., 
lowing leagtlu cul of hj 
the unit forna Qi Bwytesp 
with t,z -. hai. 
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elements of MINERAI.OGY 

standard or fundameoial form and allotted the symbol (1111 
eats the n-aitis at 0 8152 units, the fc-azris at unity, and the 
fr-ajcjs at units* 

Th^c IS only oni: important synimeirv dass In ihe Ortho¬ 
rhombic System, namdf the Normal Class of the system 
Barytes Tvpe. j t 


U BaryUs Type, 

rroiti a oonsiOtration of the aicM of Hie 
urthorhombic system or from «amjnaUon of characteristic 
forms, the symmetry can be made out. It is the geometrical 
symmetry of a matchbox or brick. There are ufree planes, 
uhich each contain uvo crystallographic axes, which divide 
a Barvtes l ype crystal mto two similar and sLuilarlv placed 
hahes. Ea^ crystallographic axis is an axis of twofold 
tal£». rotation about them causes the crystal to 

Th. a complete turn. 

The faces, edges, etc., run in pairs on opposite aides of a 
central point, so that a centre of symmetry is present. The 
V^iietry of the Barytes Type Is therefore: 

Planes, 3 axial. 

Axes, 3”, the crystallographic axes, 

A CcDtre of Symmetry, 

zontaraxK dnmr"^/ parallel to the Iwri- 

mi?l! presence of a parallel face at the 

* ^ form is 

onl below symlwlfi of the two faces being OOl above, anrt 

farA i TTiacro-axts requires ao opposite parallel 

ace to complete the form. This gives a pina^id 2 
mgui.^hed as die ntacropjrtacaiit since it is parallel to the 
macro-axis as well as the vertical axis. The svm S !he 

jo^rnacfopmacoidal faces are obviously 100 front, and lOO 

(ili) BrflcAypiftUtfwd.—The third pitiaooid has two facr< 
-ailed the brachyptnacoid since it Is parallel to the brachy- 
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aitis as w^U as the vertical nxis^ and its two faces have the 
symbols 010 rig^ht, und QlO left- 
The tKree pinacoiils are shown in caniblnation in 
55A. 

(fv) Prism^ —Priains are forms whose faces arc paraJlel 
to tlie vertical axis and intersect the two horizontal axes. 
A prisiii therefore consists of four faces. There are a niunbcf 
of prisms depending- iipoe the ratios of the intercepts on the 
hdrizontaJ 3Jies. The prism which cuts these axes at the 
same relative distances as the ftindamenta] form is the funda¬ 
mental or unit prl^ii and clearly has the symbol [1101 and its 
faces are 110, IlOp liO^ l!n. Other prisms are (310), tlSOl. 



etc., and the gen era J symbfil is [hk\}]. The unit prism 
iS ihustrated in Fig. 55 B+ 

(v) 1 he iwiicrydume is an open form of ioiir 

faces which are parallel lo the hut cut the other 

i^>vo axeSi It is^ of course, of the same type of form as the 
prism hut tve restrict here (he term prism to whsit we may 
consider as v'crtical domes; conversely may coi^ider 
domes as horizontal prisms, Tfie unit iisacrodome has tJie 
symbol (lOi) and laces ICd, I0l| l0i» lOJ. Other macro- 
domes arc (201), (203)^ (103)i etc., and the general symbol is 

[vi] Brachydomt. — Ihc brachydome is an open form of 
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four faces which arc p^iralTcl to the dud cut the 

other two axesi. The unit brachydonvc has the syjmbol (Oil) 
4lnd the faces 011» Oil, Oil and Oil. Olhtr brachydoii^t-'S 
arc (012J, (023), {031h etc,, and the general symiiol is(0A/). 

brachydome ii> illustrated in Ftg^ 55CT. in coitibcn^tiun 
with the rnacTCMJonie* 



Hu. Ofibo^t^cln^bi^^ SyStEin. A, Gnit pyfanaid, fill). 3. 

Sfaufiflftd.' combintlion o| unil prism tHOh URH macrodcjmc [101 1 
hrftchvpLnarcid jOlOh basal piitacoid jCHll). C com-' 

bmahciti of pnsms, m |llDt, [ [1^1), pyrannds, q lUl). J (223), 
^ hrarbyploACoid, b (OlO), basal plfUK-tild, c 


(Fii) Pyramid.—^ face of the pyramid cuts all three astes- 
The symnietry requires that there should be eight such faces, 
so that a closed form results, bounded hy faces each a 
^scalene triangle- This is the py/nmid. Tlie unit pyramid 
has the symbol fill)* Other pyramids arc flJS)/{2i3j, 

__ _ (t23)< cic,j depending on the ratio of 

the intercepts to those made by the 

i: - ^ unit form. Ttie general symbol Ls 

(/jfeJ). The unit pyramid is illustrated 
in Fig. &gA, 

Common Bahites TvI'E MjNiiRALs, 
Many common minerals crystallise 
in the Harytes Type. Ejiamples are 
bary'tca, cclestiic, olivine, enstatite. 


Fxu> 5T, — Cry^1 id of 
Barytes^ shewing the 
roTuu^ Priam [ 110 ), 
aracbyplnanjid 0143), 
Uasftj Finacdiid fCOl), 
and M^odaaie ( 101 ). 


andfilusite^ topaz, anliydnte, aragonite, sutphttranri staiirollte. 
A crystal of barytes is illustratecl in FiV. S7; the forms pre¬ 
sent nil- the prism liasal plnnruid (rN>ll, mat-nirtcime 
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UOi) and brachypinacoid {010). The iilaurolite cr^^^taJ 
shown in Fi^. 5SB has the forms prism (llOji basal pin ft- 
^:oid fOOl), brachyptnacoid (010) and macrodotne (lOl)- The 
topaz crystal o( Fig. r»0C has two prisms, the unit prism 
(ilOJ and another prism (i20)» and is terminated by tb& unit 
pyramid (111)> another pyramid (223), the hrachydome (021 f 
and the basal pijiacoid [001). 

V. monoclinic system. 

Axes,—The Monoclidic Sy.^teni Incltides all crystals that 
can be referred to three nneqna] tlKes, t\YO of which are at 
right angles and the third makes an angJe+ not a right 
aoglCj with the plane contajningr the other two axes- Stated 
in another way, the ^fonodinic System has one axis normal 
to the plane contniniog the other two axes which arc not a( 
right angles. The axes and their nomenclature are shoum in 

Fig, 58. The c-anis 
Is vertioil^ the h-a^iSr 
or orthQ^-xisi is at 
right angles to the c- 
axls ; the axis Inclined 
to tht plane contain¬ 
ing the € and b axes 
IS the a-flxls or dino- 

axjj. 

A mofioolinEC: crystal 
IS in the reading posi¬ 
tion when ihe clino- 
axis rum up and aw^ay 
from the observeft the 
iiirtlnj-iixis runs right mi lrft+ iuid the vcrticiil asis is vt'^rticaU 
The acute angle betwetn tfie di no-ax is and the vertica.1 axis 
is of importance and is of course fixed for each mLneral 
species. It [5 given in tlie axial formula^ thus: 

Gypsum —^a : b : c — '690 1 1! *412. ^=80" 42^ 

t^liich registers ihe iiliscrrt'rt fad tliat tht unit J'urm iif 
gypsum intersects the three axes in the ratio show'n and that 
the acute angle betivccn the vertical axis and the cltno-axis 

J hr rninmuiU'iil ?iVEVirnt‘try class of the Mnnuclinir 



t^Tc, BS.—MomwJlnic Ames; Gypsiim, 
a: b^CL^-eS: 1 : '41 ^= 60 " 4 U'. 

Showing nmcndAture and 

ctil tjfl by the Htlil trJim till). 
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is the Xorm^ Class characterised fay Uie Gypsum Type, 
which is the only clas<i coosidereiJ here. 


to. Gjpsmii Type. 

SvwBaETfiY.—The syinra^ctry of ihe Gypatim Type has 
iilready ^rt work<fl oui on p. m 9 »d iHiistrattd fay FiV. 12. 
The indinaflon of the a-ajets of this type has removed two 
Ilf the three planes of symmelry found Sn the Barytes Type, 
The single plane of symmetr)' is that containing the elino- 
axis and the vertical axis. Similarly there is only one axis 
of syTnmetry', the fa-axis or ortln^axis at right angles to the 
plane of symmetry. Ihis is an axis of twofold symmetry. 
I here ts a centre of symmetry as shown by inspection of 
the crystal figured in Fig. 12. The symmetry of the Gyp¬ 
sum Type is therefore -— 

Hane^ j , containing the clino-axiti and the vertical axis. 

AxiSt 1, the ortho-axis. 

A Centre of Symmetry. 

Forms.—{]) Baja/ PiiiacoiiJ.—This form consists of two 
faces, parallel to the dino-^jsis aiid the ortho-axis and 

ihe vemcal axis. The symbol of the upper face is 
OOi and of the lower face OOf. 

(ii) Orlhopirraeoicf.—This form has hvo faces, each 
parallel to the ortho-axis and the vertical axis, and cutting 
the clino-axis, iho symbols of the front fata: beinc IQO and 
ol the back face lOO. 

<iii) nojopfmieptd.^In this form the two faces cut the 
ortho-axis and are parallt-1 to the dino-axis and the vertical 
axis. The symbol of the rig-ht-hand face is OJO and of the 
left-hand face 0^''. 

The three ph a^ids are shotsm in combination In Fig. 59A. 

^v) '. face such as HO, which cuts the clino-axis 

and the ortho-axis and is parallel to the vertical axis, must 
be acconipanied by the o|}po5ite parallel face lid by virtue 
of the centre of symmetry, and these two faces mti^t be 
accompanied by liO and Ho by virtue of the plane of'svm- 
metry of tlic tyiie. The resulting form is the injoi. The 
unit prism which intersects the dino-axis and the ortho-axis 
m the same ratio as the unit form docs lias the symbol {J10) 


THE ELEMENTS OF CRVSTALLOGtUPHA" 115 

(^c Fig. r« 9 B)i uth^!r prisms are ( 320 ), ( 130 ), etc., aiiij 
ihe funeral symbol 

(■vj —No form which has faces parafkl 

to ihe ortho-axis and cuL^ the cJino-aacJs and rhe vertical 




Flo. Sfl-—CoiubitLatiuOB in tbe 

STBiein. A . The three plaBcoifla. i- 0 nit 
primi and basal plnaeoid. C. I^no- 
dew and pcsiHve end oe^Ativc hmi- 
ortlMdOttiftl. D. P^laltive and negative 
bem^pyramida 

can have four laces 1 smee the orihopltiacoid is not a 
plane of s^melry tp the Gypsum Type. Only hemi-ortho- 
dopies, oousjstin^ of two faces, arc therefore possible. Tlie 
hemi-oithodomes are thus of two kinds^ each consisting of 












two parallel faces which are paraDcJ to the □rtho-aK.is and 
cqi the other two a!€es^ A liemi-orthi>tloiTic is called pQit^- 
tive if its faces tie In the acute angles 'between the vertical 
and olino-axis—that is in (he acute angle ^—^and ncgativi; ll 
they Sle in the obtuse angles. This convention is shown in 
GD. The syml>ols of the faces of the unit positive hen^i- 
orthodpnne are 1^1 and liii* and of the corresponding but 
indcpvTiflcnt nc-gative form IGi and JOl- There are of comse 
a numl>cr of hcmi-ortlifKlnmes depending 
on the ratioR of ilie intercepts to those 
made by the unit form^ the general sym¬ 
bol being-, positive (/idJ) and negative 

{hot}. 

(vi) Clinodomc .—Consideration of the 
symmetry requirements shows that four 
faces arc possible in a form whose faces 
are parallel with the clino^axis and 
cut the ortho-axis and the vertical 
CO—Cor venlion axis. This form Ls the dintjdonie. 

foT sign of heini" t’bnodome has the symbol 

‘"sfs.' f'510 and Oil. Oil,' Oil. 

tem, UlJ. There are several clinodornes 

possible for any mineral species^ sneb 
as {021}p fn3S)i {OI3)h etc.p the general symbol being 
(llfef}, 50C shows a combination of a clinodome and 

two hemi-orthodomes. 



(vU^ Hi^rm-pyramids ,—It follows froari thc symmetry^ of 
the Gy'psum Type thXit a form cutting all three axes is limited 
to four faces only. Such forms are called h^mi^pyramids, 
and^ in the saine way as with the hemi-orthodomes, arc 
posiiiva if their faces occur iu the acute angles bet^veen the 
pi fine Containing the orllvo-axis and vertical axis and that 
containing tlit cJino-axls^ and if they occur in the 

obtuse angles. ‘]"hc unit hemi-py^amid^ intersecting the 
three axe^^ at the standard lengths for the mineral uxider 
considcrationt has the symbol (Ilib The positive unit hemi- 
pynunid (It 11 the lanes 111 and Ml np and bchlml, ntid 
Hi and Ml holnw and In front* I'he ncgaiivc unit henii- 
pyramifl is (11 l|. Tlu re are of course a number of hemi- 
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pvraimclii auirh Ss (112), (13^), etc., and the 

symbol 15 combination of t%vn hemi-pyramida is 

illusirated ia Fj^.*59n- 

COAUJON G 11^50 M TvrE Mlmerals. 

—A typECal crysEal of gypsum is shown in Fig. 
p, fKE I| consistti of (he formsT clinopinacutd (€10)^ 
prism and negative hemi-pyramid (lllj. 

Oi'NJOcfoje.—-Conimon crystal^ of orthoclase arc tom- 
bjnatioiLs of clinopmacoid (OlOJ^ basaJ pinacoid (OOl)^ prism 
(110) and positive htimi^rtliocjome (201)^ as shown in Fig. 
QU 

Augite. —Common crystals of augite arc illustrated in Fig^ 
112, and nre combinations of prism (tlO)+ orthnpina- 

cpid (iOOK tlinopinanoid (010) and positive hr mi-pyramid 

ffdpii^ijfndc^—Hornblende often occurs JO 
crystals showing' the prism (llO), dinopina- 
cold {010), dinodonie (01 f) and positive hemi' 
ortli4xJome (lOl), and shown io Fig. \ i4i p. 35i\ 
jlffrar, sphens and epidoi^ are other 
minerals crystaHisui^ in the Gypsum Type. 

VI. TtUCUMC SYSTH^t 

Axes, —In the Triclinic System the crystal¬ 
lographic axes are at] unequal and none is ai 
right angles to another. One a^ds is placed 
vertical and is called the c-axis or the vertical 
Li.Tti, A second asciSp the £i-axiSp rems up and away from the 
observer. 'I he Intercept made by the unit form on this axis 
is usually than tliat on the third axls^ so that the 

i$ called the hrnrJry-uxir by analogy with the Oriho- 
rhootbic System + The third axisi is the &-axis or fMcru- 
and its slope depends upon how ft was chosen in the 
Original description of any particular mine rah The angle 
between the p€ 5 sitive ends of c and b is called that between 
I'j ami c is kcalled /5 p snd that between 0 and ^ is called y* 
The axial nomenctaturc and cunventioos are showm in Fig. 
62. 

ITie axial data consist bf the ratios of the intercepts made 
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nn tile aiies by llir unit form. a.in\ thv ;ing]e!i hhftwetFi ibv 
axes, as— 

a : h : c=Ci^49 : i t 0-48 

y=i3r 

The syounetry class dealt tv^th here is I lie Normal or 
4rTi#iife Typ£. 

IL Aimlte Tjiie, 

S vfcf MET H V,—Consider a- 
tion of the po^kions ol 
the axes shows that the 
sole element of sym¬ 
metry in the Axinlte 
Type h the centre oi 
symmetry. There can be 
no planes and no axes of 
symmetry* The sym¬ 
metry of the Axinke 
Type is dierefore:— 
Planes, none. 

Axes, none. 

A Centre of Sym¬ 
metry, 

Forms,—S ince there is only a cenlire of symmetry in the 
Axinite lype, the presence of any one face necessitates only 
I he presei^e of an opposite parallel face* Hach form, therr- 
fore^ consists of iwt? faces. The forms are named bj- analogv 
with The OrtlTcnrluimbic System^ attention beiog- paid of course 
to the llmilation of the Axinlte Type fornn^ to two faces only. 

(i) HiJifii Pinacoiil^ —This form consists of two parallel 
faces each ciiirLTig- the vertical axis and lying- parallel to the 
other two axesp The symbol is (IMM). 

(jj) Mairopitmcoid. Thi?; form has two parallel faces 
r-ach cutting the brachy.axis and lysng^ parallel to ihe veriWal 
axis and the macro-axis. Its symbol is (100). 

(ili) flrflcJiypjM^KoiJ.—The two parallel faces of this form 
cut the macro-axis and arc parallel to the vertical axis and 
the hracfjy-axiji. 'Phe symbol is (OlO). 

(tv) Thii^ form has livn parallel facts cutting 

the a and h axes and being parallel ±o the vertical axis. One 
unit hemi-prism has the symbol (TIO) and the faces 110 and 



Fm. 62 . — Triiiiifia Ayn. Area for 
Axinite; a : b j c = -4ft j I r *4^- i).'= 
as- The 

tengc-bs Ol tbe Bziawn carmpcDd 
la IfiDgLfas eul off by Ibn unit 

farm ot ixiuLte. 
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Hi>; the other the symbol (110} and the facts HO aiul 
llOi. Other hemi-prisms have indices? such as (3S0}» 

(t30)pttc. 

(v) //enH-oiiiCftidcimej.—The iivo faces of this form are 
parallel lo the macro-axis and cut the vertical and braeh}-- 
axes. A unit hemi-macrodome is (101) and others are (201 Ji 


(S03j. etc. 


(vij/JeiTii-^roichydufFiej.^—'fhe two faces here are parallel to 
the brachy-^axls and cut the vertical axis aitd the rnacrn^axis. 
A unit hemi-farachydome is fOtl), and others are {02iji (OMj, 
eic^ 



Fio. 63,— A. Ariiftitt coaibiaAtLQD of tusini-prisma M (UO), m {110) 
[iiHcropiaacnid a jlOO}; biachyplnacoid h (OHJ}, (luarUfix pjra^ 
raids Tt r (liljn bemi-aiaerodome a {2)01}. S. Aibife.' oora- 

biaatifin ef priittis M OlO), rti fllO}, bmrbypinoEqid b (Oinjt 
pinaedid c [OOlL qiiirter-pyramid o (Ul). berni-niBcrii 
d^wni! X [101} 

(vii) Ihe two parallel faces which 

all thrt'c fixes are trailed qiiartcr-p^Taitiids. There afv 
obvipusly four unit quarlef-pyramidfi havLDg the faces HI* 
111; 111, 111 j III, and 111. ill. Other quarter- 
pyramids haxx symbols such as (321], etc. 
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COWWON AXJ?i[Tl- Tvt'E MiNERALSk 

Dfawirig3 of cryslxils of miiieraiis belortg^iing to the Avinili? 
Type Are given in Fig. 

Ajcmiie^ —The AxiniLe cryslal given in Fig. 63A is a com¬ 
bination of tilt forma, two unit hcmi-prisms (110) And (llO)^ 
macropinacQid (iOOj, bi'achypinAcoEd JoiOj, tiemj-m^croJoine 
(201]K and two unit quarter-pyramids (lllji and (lit). 

Plugioclase Felipurs ,—The very Important inInerAl group 
of the plagiociase felspars crysiailiscs In the Axinitc Type^ 
A crysiai of albite, a member of the piagioclase series^ is 
shown In Fig- 03B. [t has the forms, two unit heml-prisms 
(IIOJ and (ilOJp brachypinacoid (DiOJ, basal pinacoid (001)^ 
hcmt-macrodome (Idl) and quarter-pyramid {iti]* It will 
be nqlicLcd lhai the general sliape of ibe albitt crystal Is like 
that of the ortbodase crystal ot the Gypsum Type sho^vn in 
Fig. 61* In albite, however^ measurements show that the 
angk between the vertical axes and the macr-oaxis is 94*, 
whereas the corresponding angle in DrthocJase js of cour&e 
90\ 

AGGREGATES, 

Two or more crystals associated together give a crystal 
aggregate^ A mass of closely packed crystal grains without 
crysial forms is a cry^/rj/hne aggregate. Crystal aggregates 
may be made up all of one mineraL, and then the aggregate 
is said to be homogepieutts; tw ‘0 or more minerals occur 
in the aggregate, it is styled heterogeneous. 

Helerogettcaua Aggregates.— There are various ways 
In which the two or more minerals making up a heterc^- 
geneous aggrcgaie may l>e associated. They may show^ no 
arrangement and the orientation of any two individual 
crystals may show no relation to one another —this is an 
irregiihif agg^t^gute. Ttvo minerals of dUTerent natures and 
even belonging lo diSTercnt syuimetry classes may sometimes 
form regular growths so that ihere is a partially similar 
arrangement of faces or aiEus. Examples arc provided by 
the intergrowtlis of t'wo types of felspar knowm a$ pcrthite, 
or by the regular associations of the orthorhombic pyroxene 
called eastatite W"Uh the monoclinic pyroxene, augite^ 
Another kind of heteragenenus aggregate is She isamorphous 
groToth, in w^hieJh occur concentric zones of various memberi 
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of an Ssomorphous scries of mlncrSiLs of ^aiogiDus chemical 
composition and closely allied crystal forms. The ftiolccular 
at:rang;5.-ments of ihe diflTcrent mein hers making" an isomor- 
phous growth are on the same pattern. Isomorphous 
growths are fotind in many series of minerals, such as the 
pJagioclase felspars and the pyroxenes, 

Uomogeneous Aggi'egatCfl,— Here the agg-rcgaie con¬ 
sists of one mineral only. There are first the hregular 
iiggregates in which there is no relation jd the orientations 
□f the crystals. The perfection of arrangement is seen In the 
parallel growths, in which the individuals have the same 
orientations, like edges and faces of the different crystals 
being parallel. The individuals may be 
united on any crystal plane* Tn Fig. 64 
several crystals of i^uartz are shmvn ld 
parallel growth, the axes of the individual 
crystals being parallel. In a very important 
association of crystals there is an orienta¬ 
tion that lies between the absolute absence 
of orientation of irregular aggregates and 
the perfect parallel orientation ef parallel 
growths* In. this association some crystal¬ 
lographic direction or plane is common to 
two or more individLials and this gives rise 
to what are called fwinned crystals^ The subject of twin¬ 
ning in cry slats is considered in the next section. 

TWIX CkVjrrALS. 

TvritiB, —Tivinneirl crystals consist of tw o or more portionSp 
of course consisting of the same subsiancc, that are joined 
together in such a w^ay that some crystallographic direction 
or plane is common to the parts of the twin. lo twin 
crystals one part is in reverse position to ihe other part, or 
the second half of the twun may be conceived as produced 
by the rotation^ about some line, of one half of the crystal 
through an angle of IflO*. The plane dividing the twin so 
that One half is a reflection of the other half is called the 
and the axis about which rotation is necessary 
to restore the twin to its untwinoed state is called the ttuin- 
The tw'ln-axis is usually perpcndicidar to the twin- 
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plane. The coaception of the twin-axis is merely a cpii- 
venlent way of de&crihing" twinning,—sycli a revDlutiort has 
of eornrse not occurreti in the formation ul twins. 

(n Fig. ®!i there is shown a twin of calcile. The lorm 
present is the scalenohedron. A plane pai^tlel to the basal 
pinacoid (ODOl)^ indicated by re-entrant angles in the crystal, 
]s a plane of symmetry^ for the twinned ciystni —the upper 
half of the twin is rcHeoted in this plane to produce the low er 
half. This is tiie twin-plane of the crystal 
and the crystal is s^aid to be tw^inned on the 
basal pinacoid (000ly The ttein-axtr is 
the vertical cryslaJlographic axis c. 

The tw'in-pl^e is always a possible face 
of the crystal I and the twin-axis Is alwrsys 
perpeodlctilar to some possible face or 
parallel to a possible edge. A plane 
syTtiiJietry cannot be a tw^in-platie, since it 
already divides the crystal into two halveis 
one of which is a mirror-image of the 
other. 

The plane along which the two halves 
of a twin are joined Is called the comp&si^ 
iii^n-plane. It Is usually but not neces¬ 
sarily coincident w^ith the twin-plame^ as rn 
Fig. 66. 

Twin crystals may be recognised by 
jhe occurrence of re-entrant angles j 
and by the fact that all correspond¬ 
ing edges are not parallel and that 
the twin possesses a plane of sym¬ 
metry which is absent In the two 
lialves. 

There are various types of twins, the following being the 
most important— 

Simple T-aniti — The twin of calche of Fig. 65 is an 
example of a simple twin, consisting as it does of two halves 
symmetrical with respect to the twm-plane. It Is also a 
cofitflci-tleini. 

Penetratiofi Twin,—To this type, the two halves of the 
twin have grown so mixed Together that the twin cannot 



Fio, C5.—CaJcitc 
Twidj Scalfiiffii- 
liediDii, twxn- 

pldBC tlHilSaJ 

pinacoid QOQl, 
twin-axis 
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b€ divided into two separate halves. Examples are supplied 
by the wclMuioivn Iron Cross twin^ of pyrite as shoivn 
in Fig^ tJ6i interpenetrated cubes of fiuor(see Fig. 105^ p. 2T1} 
and die cross-shaped twins of stanrolitc (see Fig^ t32fc p- 402)^ 

Repeated T-mins .— A repeated twin is produced by the 
repetition of twinning- according to the same Law, A crystal 
composed of three parts related to one another by the same 
iivinning law is called a tnUing, of four parts, a foiiflings 
If the twin-plane in oil parts of a repeated twin remains 
paralleU then the twinning is often called palysynihetic. 
Poly synthetic twinning Is well seen in ptagiociase felspar 
as described below and figured in Fig, 00. When the twdn- 
plane does not remain parallel the resulting twin approaches 
a curved form; this type of repeated twinning is called 
cycfic. and is illustrated by the twin of aragonite shown in 
Ffg. I00» p- 2 ^. 

Compound or Campler;: Tium; — A twun in which twinning 
has taken place on tw'o or more laws is styled a compniifid 
or complex twin. 

Examples of Connnoii Twin Lavs. 

Ctraic Svs-TEM. — I’Ue commonest type of twin In the 
Galena Tvpe is cm wliat is called the S^nJi+l in which 

the ti,vln-plane Is the octahedral face and the twnn-ascis Is at 
right angles to this. nuc?r commonly form.?i interpenetrated 
twins on this law. In the Pyrite Typc,^yriie itself commonJy 
twins in intcrpenetralctl pyrltohcdra^ giving a form kno^vn 
as the iran^ross (see Fig. 66 A). The twin-plane is the 
rhombdcHiecahcdra] face and the twdn-axis is norTnaJ to it. 
It may be noted that in the Normal or Galena Xyp^T this 
plane ts a plane of symmetry and this axis an axis of sytn- 
metryp so that the iron-cross twin of pyrite restoreSn as it 
\vTte+ the symmetry lost by the pyritohedroti in its deriva¬ 
tion from the tetrahexahedron- 

TETa.\no!i.4L SvfiTtH.—Tn the Rtiiile Law, the commonest 
tvpe of twinning in this system^ the twin-plane and com¬ 
position-plane are a face of the pyramid of the second order. 
Twinning nn the face tOi produces the It nee-shaped or 
geniculate twuns illustrated In Fig. mB. A sharper knee ‘ 
is given by twnns on another pyramid (3611. 
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Hexagonal System.— twins on tiic basal plan* 
(0001 as sfiowTi lo Fie. 65. or on rhocnbohedra^ such as 
C01la)> (01H) and (022L). '1 winning OP the rhombo- 

bedron (Dll^) is plten cJsie Xu gbdUi^ (see p, 44J and is 
ofejcrved in most thin sections of caldte under the micro* 
scope. The venJcnl axes of the two halves of the twm_ 
twinned no (OUl) are about at ng'ht angles to one another, 
whilst in tTA'ins on (0221) Uiey mak^r an acute angle. Q»ar^ 
commoply forms interpenetration twins In which the twin- 



A B C 

Ftn. fifi.—EiAniptes of Twina. A- Pjrritc i [nterpmctraliaD Twin. 
H. Rutiks G^niculatfl Twip t rwin.pLau^ 101+ side v^ew. C. 
PkgiDclASC ; RepEated T^ln i twin-pUDe 010. 


axis is the vertical cr>&tallographic axis and the twins majf 
be regarded as consisting of two right-handed nr two left- 
handed crystals, one of which has been rotated 180* about 
the c-axis. Such twins may lie told by examining the posi¬ 
tions and arrangement of the small trigonal trapC 2 ohedron 
and pyramid faces. In another type of quartz twin, the 
trvstai consists of a right- and left-handed interpenetrated 
pair; here the twin plane is a face of the prism of the second 
order (llSO). 

ORTnoHHoMBre Sy&tew.—. 4mgonite forms cyclic twins, 
Illustrated in Fig- 100., p- 202i by repeated twinning on the 
faces of the prism (110). The priam angle Is nearly 60* so 
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that Uvpnnmg- repeated Bve times produces a pseudo^heita- 
^ona] crystal. There is present» however^ a re-entranl ang^lc 
in the prism zone of tht twin, and thus its true nature is 
detected. Stnurolith forms two types of twins, illustrated in 
Figs. 13^1, 1^, p. 40*^. In the first type, the brachydome 
(033)* i? the twin-planct and tivinnln^ on this law ^ves a 
MxiTtese Cross** twin trt2l. The second type has a 

pyramid (232) as twln-plane and g'lves n ** skew ** twin (Fi^. 

131). 

MuSDCLiKic SYSTEAi .—(.lypsum forms twinsp sometimes 
called swiaSlosv-tailSp** with the orthupinacoid {\d0) as the 
tivtn^plane. Hornblende and augite twins have iht 

Drthopmaooid (IDO) as the tivin-plane. It will be recalled 



OflabAft 



Bavciao Miincbacli 

Twni, Twiu- 


FiG. flj.— Ortbodase Twins. 


from p. 117 that hornblende crystalf, Loinmnnly have three 
faces at the top and three at die bottom of the prnsnT 7x>nt^ 
as illustrated in Fig. Il4t P- SfiO. By twlnnlngf ott the ortho^ 
pinacord it often happens that, as it wercn the orthodomc 
face is transferred from the top of the cr^-sta! to the bottOTtik 
and the two clinoHome faces from the bottom to ihe top,— 
so that many twinned crystals of hornblende show four 
faces at one end of the prism zone acid two at the other. 
.4ii^iTz tivinned on jlOO) sho’ws a marked re-entrant angfle. 

The felspar^ nrifrodoje. twins on three common laus,. and 
draivin^s of crystals showing this are ^vxn in Fig^ R7. The 
first type is called the Cnrhbad tixdn. and in this the twin 
axis is the vertical crystallographic axis and (hr composition- 
plane is the clinopinacoid (OlO) l interpenetration Carlsbad 
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twins are cotnmon. In the Baveno Iwn, the iwin-pLane 
and composition-plane arc the clinodoine (0Si}i whilst in ihc 
Manebach tvvinA they are the basal pinacoid (001)^ 

Thiollsic System.— Plafpoclase felspar is usually twinned 
on the Lnw^. in which the twin-plane is [010)| the 

hrachypuiacoid. AJbite twinning- is usually repeated and 
polys^^nthctic and the separate members of the twlOt' shown 
in Fig'. 06Cp wre often exceedingly thin lamella. This re¬ 
peated twinnttig produces a striadon on the basal planes 
of the crystal, and is also cxceHetitly seen in thin sections 
of ptagioclase examined under the microscope, as iUu^^trated 
in Fjg'. HU, right, p. JiTl, and dealt with on p. 3f7fh 
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! HK \\Xm\C STKl’CrURE OF MINERALS. 

Ititraduction . —\he picviou^j cliapfecr, crysiali wert 
definixl as IwiitideU by usually flat surfaco, ai mn^td 

in St n.'^W manner cti pressing ( Iili lutemat nrraiij^eiuent af 
rhe htorns. Tlie jitudv of the arnini’emetil' at atoms ivithin 
E* ery^iLil, ihat is, of titomic strucfnrp, Jias been made pos- 
sibk* sn let'i'nt l>^ new nit^'itw.Kls ul analysis in u'liich 

X-rays are ertipluyed- This advance clati-s fi'um the dis¬ 
covery by Laue and others, in 1012, of the diffraclion of 
X-rays by rrysfaLs. The first analysis was made in 1913 by 
\V, L. Brai^^p on cry'slaJs rsf sixliuni rhloride (common salt). 

X-rays are somew Tint Ukc light waves hut have a much 
shfirltr Avave-leugth (sen p^ l-itd, this lieing cornparablc to the 
disunccs between atoms in a cry staJSine solitL When a 
Iwam of X^ravB falls on a crystal, it Is ?catteitxl or 
diffracted by the layers of aioms Miihin the crystnU in the 
same ivay that light waves are dilTrncted Tjv an ^optical 
griding. In iiiakmg an anotysis of a crystal stniiMiife, the 
difTracted X-ravs arc allotviil to fjtll on a photograplin: 
plaiCp and the resulting; pbotogTajili shows a series ol S|>ots 
or lini^ which form a mure or less sy mi net ricaJ pa [tern. 
Eftim nicasurcments made on the phuEograph, the arrange^ 
meat of the atoms in the crystal can be deflurcd and al^^i 
the tristancts belween them. Instances are e^pre.ssed in 
Angstrom units; one Angstronk (A) — IU“* enir I he scvei'al 
methcKls of laklttg X-ray phntugraplis of crystals or ot 
powdered minerals I’annol lie rliscutitH'tl here, but tht prki- 
eipic is broadly that outlinerl above; details can be f^mnd 
in books on the suhjetit. We are more i eiicej-aed with ihe 
results of X-ray analy?iis+ as ihese have thrown a flood of 
light tin the structure ot crystals, and iTi particular of 
minerals, and have conflnued llie classes of symmetry 
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woi 4 f-ed out m I he pa.st by crystal! o^aphcrs From a study of 
esfcrnal form, ns described in Ciiapter III, X-ray analysis 
has been specialiy tidpfu! m connection with the hi^ 
of mineral sllicattiSp imd in this field the work of manv in- 
vesfitralors has ^iven 115 a ronsiderrible, though not yet 
complete, knowledge nF their structures, 

Ttie Unit CeTL— Every crystal consists of certain atoms 
or gnoQps of atoms arraiiged in a three-dimensional pattern, 
which ia repeatt-d throug'hout the crystal. The smallest 
complete unit of pattern is calletl the unit i^nd the whole 
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Fm. 68,—Uait cell of NaH. 
Tlie blacked aad open 
tiTclcs represent the iwo 
klads of Son, Xa+ anil 
Cl-. 


pattern is formed by sta('kiD|^ unit cells together. To lube 
n simple exaruptc, In cfvsiats of sodtiim chloride (NaCl) the 
atoms of Na aitd CJ are arcflnjsfed at the coroers of a series 
of culjes, as shmvn in Ftg. 68. The unit cell of sodium 
chloride con tains four atoms of Ns and four of C|. whose ar- 
rargcinent is eunnly similar to that in every other unit cell 
of the suhstnnce. It is to be noted that the number of atoms 
In the unit cell of a piirticuLtr mineral is not necessarily the 
same as in its formula, but is usuaity some simple multiple; 
for NaCI this multiple is four, VenfS' by counting the atoms 
In Fi>. BH, allowing For some atoms t'wlonfjlng^ half to the 
unit cell shown there and half to adjacent cells. The array 








































I'HE ATOMIC STkl CTURF, OF MINERALS 

• in jipMcn at wMcb l!it‘ p^itlym rt^pcAta is c^sjUcd the 

Ultice* 

Atomic BfintlH. -There are four m.im kinds of bon<] 
'liiioh hu!d toi^thiT the atGins In liifFcrcnt crystal struc- 
Mires; ihey an? known respectively as the tonic or polar 
Iwjncl, the hotimpolar or ctv-vaient bond+ die. mclallTc bondT 
ihe ■n.^slrinal or van de WaaJs bond. Corresponding-ly, 
ciy^slah rnay he divided into four classes, each chnracterbsed 
maialy by one of die abnvi=‘ four types of bond. The van 
drr Waals fmnd is ven^ w^eak in rharacier and b present 
in all crystals, b’early all (he tom moo minerals have ionic 
hondln^. 

The Itinic Bond. -Atoms held tc^ether in this way iu^ 
in the ionised state [see p. 12), r.tf. each atom hag lost or 
.cr^n(^ one or more electrons so that, ingtead of being- elec- 
trjcatly neutral, it has acquired a positive or nnative charge. 
The forces holding^ the ions togeShcr are the forces of elec¬ 
trical attractiDri fjetween oppositely charged bodies. Thus 
m sod mm chloriile, the Na-iotis each have a single positive 
'■harge axid the Cl-jons a single negative charge: zinc- 
blende, to take another example, is built up from positive 
Zn-ions and negative S-ions, Each ion is surrounded by 
ions of opposite charge and the whole stnteture is elk- 
tncatly neutrak Cr^'stals whose component atoms are held 
together thus arc called fonic crystaL’i, They include most 
of the compounds of inorganic chemistry^ and the rock- 
formlEig- minerals^ of which the Important silicate stniclures 
are dei^ribed in detail laler in this chapter. 

The strung ionic bond res n Us iu cry^staTs having consider- 
able hardness^ fairly high melting points, and low eo- 
cHicients of expSTision 

The Homupitlar Bond.—Many compounds .show no 
evidence of consisting of oppositely charged ions of their 
cunsthuent elements. The link in many of these case.=i is 
envisaged ^ formed by the sharing of one or more elcc- 
tfons betw^eeti two ari:>m:^, and k known as a homopolar nr 
cu-i'dJeui hijRjJ. To take a simple ck ample, a molecule of 
Ihe gas hydrogen contains two atoms, each having a single 
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; the two electrons of the two atoms arc shared 
bctwi.-eti tlsrtn when they form a ETiolcctilc, thus ^ 

H’ + H H ; H. !ti the case of oxygen^ an atoni of which 
has six outer electmns, two dcctronia ffom each of iwo 
atoms arc shared in Forrnirif' a tnoleciile:— 

O' \ : Q — O O, (also written 0=0)+ 

fn ihf TvaSin of itiinerats, one of the best ex a m pies of a 
homopolar silructnrc is provided hy a diamond, vvhicb iJs 
made enlirely of atoms; of the elemejit carbon. The ewhon 
atom has four Dliler electrons and can form four honfvo- 
polar 1 Kinds vrith other carbon atoms; this ts the basis of the 
tliamund stniclureT in which each ceirliorL atom is sur- 
roiinded hy four others arrnti^ed nt the comers of a tetrnhe- 



ftila-—The atnicturn of 
Fbnwn in hlack. 



Fto. IJflb-—The structure oi 
GraptiitB. i.ayera of car¬ 
bon are itbadedi 


ikon, as shown in The lattiL:c i* a cable onCt 

atoms at the corners and at the face-centres of the 
cube, and also at points onc-qnarter or threeH^uarters of 
the way aJon^ a dtag^onal- This structure has g:feat 
strctiffth, which is reftci'ted in the hardness of the sub¬ 
stance. 

tt is inlertslin^ to compsire the dii^mond structure with 
that of graphitei the other crystalline form of carbon. In 
graphite the carbon atoms lie In layers {Pi£^. dffrbl; the atoms 
are arranged at the corners of regular plane hexagons, and 
each 15 thus linked to three otlters. There is a homopolar 
bond between each pair of atoms, and alsvj an extra binding 




















nu: ATOMiC iilltUCTUKE of minerals 


IJl 

iJui; lu uhiL'Ii vvuiild iom\ Ifcit lourlh Iknoili- 

polar boiuJ in di^imand. This est^ry biiiJin]; can be dioui^hL 
ui as ii gi^neral onCj lioldlng- ihe liioius -^lighU) eloser tor^ 
gcthcr than in diamundp and ooi attribuitible tu anv pair oi 
atuios in particular# The structure accotcrRs lor Uhc diirer- 
diet in pBiysicaJ prupcrtles between diamorid and ^fraphitE, 
the la Her having u pronounced cleavage wliicb takes p^acc 
parallel lo Lhc layers of atoms, 

Some Lompotiiicls have both lunic and homopular links in 
ilidr structnrcj e.g. the mineral calclte (CaCO^J. 'fhe tionds 
between oxygen aud carbon In the carbonate radick {H com¬ 
plex ion) are homopolarj whereas the links between the 
calciam inn and the carbonate are ionic (see Fig, 74J. 

The MetalitC Bond. — A piece of'iuetai is made op ot a 
large number of crystals, each of which is compo-sed ol 
closely packed atoms of the particular metallic element, 
isucb a crystal may he regarded as an aggrcgaic of positive 
inns immersed In a " gus or '' dond ol free dectrtma; 
the atoms of the tuetal all contribute electrons to iMe tsom- 
mon elect roil gas^" which serves to bind together the 
inetallic ions, i'he bond is thus an attraction be¬ 
tween the positive ions and the of negative elec* 

Irons i it dillers from the ionic bond in that it is exerted on 
like metal ionSt not between ions of different ctemenUH 
Crystals having this typo of bonding between their con¬ 
stituent utoms are called ruetnWic crystals* 

Many properties which are characteristic of metals^ such 
as their opaqueness and conducuvity of heat and Electricity, 
are due to the presence of the free electrons. Thus, if an 
electric field is applied to the uietal, the electrons can move 
(or drift) under the influence of the field, i.f* ihe melaJ con¬ 
ducts bv electron transport# This applies to true oietali^ 
(e.g. copper, nickel, iron, etc#); other metnllic elements^ 
howeveri, snch as alumLnium, lead+ zinc, possess the pro* 
perty in a smaller degree, since they hav^e a more complex 
structure, with more than one type of bond between the 
atoms. 

There are three typical ways in which ihr Inns of most 
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arc packtrd togeLher to iorm nrjsfals^ correapondbi^ 
to three methods of btucking^ spheres of K^oal size. They 
are knuwn as cubic das^^^acking (fijund, for eicample, In 
copper), h^dy^cnired cubic packing fe-g:- iron at oj^inary 
temperatures) and h«xagona^ mag- 

riesluin). These ’will now be described briefty. Some 
metals, as already meiitioneth Have more complex struc- 
itires; further Informatian should be .sfU3|^lit in iww^ks such 
as R+ r. Kvanpi" ■" Crystal Chemistry/^ 


®x®^®^® 

O^O^Q^O 

© © ® 


FtO, Tttb-—Daft^raiu irhD'VJJ^ 
Ihi: rekillvt pcraLtiaos ot 
diTK ^uccesilvti diaguual 
Layers, riumbxred 1 , 2 , a. 


When equal spheres are arranged ]u a single layer, die 
closest poiisiblE packing is obtained if the centres of die 
spheres lie at the corners of equilateral tnangles, each 
sphere touching six others. Layers of this kind occur in 
both cubic and hexagonal i:la5e^>acking« 

(i| Triifeic cto^c-packirig. The SEruciure id shown in Ffg. 
70Hj w^herc the spheres represent metallic iot\5, all of eqtud 
size. The layers uf jotis w^hich lie at right angles lu a 
diagonal uf the cube have the dose-jiackiiig described above, 
with the ions arrangeti at the comers of equilateral trLangles. 
Since there are four diagonals, there are also four directions 
in which layers nf this type occur. Tn the ct>rnplcte struc¬ 
ture, any one such diagonal layer fits against the next so 



Fifi. "cm,—Cabic clu5e-packing. 
A dnse-porked l4jec of Jou? 
in 4 pkuie nuniial to one 
of ttcfi diagonal} of Wa 
ii shown wUh iun^i 
above it removed. 
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iEjflt each sphere lou^bes rbree in the layer above or below, 
aji shown diag;raiiiinatically in Fig, 70b^ It is evident from 
ihe Hgure that a succession of three layers can be |jJuced one 
on the other in dUTereni positions, as shown by the circles 
□Liuibcred 1. 2t !l| but a fourth layer would repeal the posi- 
tioD I, The pattern therefore repeats after every third layer. 
The cube outline is atJiJed m Ftg. 70a to show the cubic 
^ymmelry. 

Jn a crystal of copp^er, itlovement or g-lidLng may tahe 
place along the cloac-packed diagonal layers when ihe 
Crystal Is subjected to stress^ and it is to this property that 
the ntetaJ owes its ductility and malteability. Although in the 
large number of crystals making upp say, a piece of copper 
w'irc tJie phenomenon is more cOiiipUcated tliaii In the case 
of a single cryslaf, gliding on llie many diagonal planes 
lakes place wlien the wire is stretched. 

Other metals winch have the cubic do&e-padked structure 
and, like copper, are ductile^ include gold, silver, and 
ptatinum. 

(iij Body-tefiirifd cubic packing. This structLirc Is shown 
in Fig, 7ir The spheres again represent metallic ions; they 
lie at ihe comers uf a series of cubes and at the centres of 
the cubesi Each sphere thus touches eight others, giving 
a packing not quite so dose as in the previous type. The 
absence of closc-packc<l layers of ions makes gliding much 
less easYi and a metal having this structure is in consequence 
harder and more brittle. Lhc structure is found in iron at 
ordinary lempetalures^ but at higher temperatures iron has 
the cubic close-packed stmeture and beconses malleable. The 
importance of iron in metallurgy lies in this duel role, since 
the metal may he made to assume differenI properties ac¬ 
cording to the heat treatment it receives. 

Other metals which have the body-centred cubic stniclure 
incturJc tungsten, fiarium, viinadium and molybdcnunii. 

fill) Hexagunai chss~packing. The third type of struc¬ 
ture is illustrated in Ftg. 72, which shows the stacking of a 
series of similar layers. In each layer the spheres fire ck>se!y 
packed^ with their centres lying at the comers of equilateral 
Inangles. Adjucent layers are displaced relatively to one 
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tiu Lh:jT ^m> oiUi f^pficre ubitvc i^r beUjw ihrui:. 
^plierchy iti ihe layer tw\i to it; limi the spJicrca ul ;illtL'rnaLf 
layers lie vtTtically alxive one dEiotl>er. Tlar atructure LhiLs 
repeats afttr every second layer, instead of aficr every third 
layer as in cubic close-packing^. Planes of easy g-liiling; are 
fewer m U)c hexagonal close-packed structure, ihn 

iKCur in one direction only; metals built up in this way are 
cotrresptindingly less soft and ductile than those jn the first 
ifroiip. Magtifsiiim, titanium, one form nickel, and cak 








cium above 4^/1" t'. arc among the metaln whose cry stal^i 
possess the hexagonal dosc-packeil structure. 

The Residual (van der Waals) Bond.—i his bond 
differs from the niher three types of atomic linkage 
cussed above, in that it is not atone responsible for the 
coherence of any common &ubstaJlC)e^^, It occurs as a weak 
force of attraction between the ions or atoms of all solids, 
but Its effect 15 coinplctely masked in structurts where ionk^ 
homof^far. or m^jtaUic forces also occur. The only solids 
' ' ' ' atomic Ixjnding is ^tirely of die residual t>pL\ 

gsses, argon, In the solid state. On the 
the residual bond is imprpnant In the realm oF 


Ere, —B«iy-centred cutk 

pacltiiig. 


EifT. He^gonM dose- 

peckiog, 
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^jr^dEkic substances. The organjc carbon compoiinds, for 
are formed oi molecules cotLtmniT]^ carbon^ hyklra- 
§l'en^ Hod aicy^eii atoms Hrrao^ed in many different %vaysi 
the iKindinif within these molecutes is usually homopolar, bm 
the molecules ii Is lu many cases residual. Thus, 
parafRn wax is built of molexuics of a long- chain hydrcj- 
carbon, and tJie moieties themselves are packed iogethsv, 
kike a series nl rods^ 10 form crystals {'* molecular crys¬ 
tals The .soft nature of sxteh a subsUace Is due to the 
weakness of the residual bunding' between the molecular 
tnrystals of ivhidi it Is composed» 

roi^tc citvsiAtJs. 

I he following plages are mainly devoted to a description 
of the structures of silicate minerals^ in which the linkage 
beiwfjcn atoiris is of the ionic type^ as ondJned above. These 
i^iruclures are all based on a ^nctainental group of atoms 
(ori more accurately^ ions} consisting of une silicon atom sur¬ 
rounded by four oxygens — the SsO^ groupt which is the 
“ unit brick” of silicate structure. The oxygens arc ar- 
ranged at the four corners of a. regular tctiahedron, with the 
silicon at its centre. Such groups can rtccur separately, or 
may be lioktxl together in a numlnir of ways by s har ing 
oxygen atoms with oiljacenL groupfi^ thus forming more 
corn pics Structures. Metallic lOns^ such as Mg'^, 
etc., can be accunimiKjan'd in the interstices ot the struc¬ 
ture; which oi these will enter a giiren structure depeniL^ 
chiefiy on their and^ £u a lesser degree, on their ionic 
charge (or s^alency), matters which will now be discussed. 

Ionic Hadli, —It !s convenient to think of jons as spheres 
having a dcflniie radius. Wlien tivo ions are brought close 
together! a force of repulsion between them sets in abruptly 
when they are a certain distance apart and resists any closer 
J^pptoach. The distance bcUveeu centres is then taken as 
the sum of the radii of the two ions. In this way, the k?iis 
aril treated ^ipheres in contact, and by various methods 
their radii can be measured. The following list of ionk 
radii is due largely to the work of V. M. rksldschmidt, J* A. 
M^asastjemsp and others j it Is arranged so that the coluoms 
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crorresporni id thc^ groups of the Periodic Table, and tonic 
rhaoge is indicated at the top of each rafumnx 

TAOLK OF lomc KADIl IK OOTS. 


I^Afier Bragg.]! 


2 — 

1 ' 

0 

1+ 

2 + 

3 + 

' 4 + 

0 

1-32 

F 

1*33 

He 

LS 

U-7S 

lie 1 

0*M 1 



S 

l'7-l 

Ct 

Ne 

Na 

O'PS 

0’7S 

Al 

o-,vr 

Si 

1»'39 

Fie 

Br 

A 

K 

. 1-33 

Ca 

lOG 

Ga 

y-62 

Ge 
: (1-44 

Te 

2-11 

I 

2*211 

Kr 

' Rb 
I'W 

Sr 

1*27 

In 

1192 1 

Sn i 

0-74 


* 

X 

Cs 

1*C.S 

Ba 

1 ■ J3 

Tl 

1 *05 

Pb 

11* 


The radji of other metallic ions ore as follows: — 


MoiiDvalent: Co^ G 9d 

DivaJeiit i: Fc, 0 S3 

Zn, 0 S3 
Trivaledt : Cr^ (►’04 


Ajv, 1 la Au, 13T 

Co, Ni, 0 78 

Cd, Mg, 112 

Fe+ O’GT Mn, O-TO 


Mn, O m 
Fti, 132 


?Cutice partlcuTarly the large size of the oxygen ion {1^32) 
in conipari^n with relatively small positive ions 
such as Si, Ai, Mg, and Fe. It is the spacing of the 
oxygens* which are closely packed together Lti a silicate 
crystal* thal largely cDotrols the scale of the atmeturej: the 
smaller cationa are situoted in the inters iices between the 
oxygensr LKher negative ions (anfont), F“j Cl"" S“ “t 
are similarly large, (Sese Fig+ 73,) 

The hydrogen enn is exceptional in being extremely small; 
when bound to an atom of oxygen it becomes embedded, as 
it were, in the oxygen, and the resiiiltiitg (OHj-ion has about 
the same radius as that of oxygen^ We can think ol the 
li-ion 35 a centre of positive charge without dimensinns. 






























THE ATOMIC STRUCTURE OF MINERALS 

When one or moils electrons aru renitjved froni n group 
pf litoitis bound logether by hDiuopohir bonds p a ebargod 
radicle is formed- Thus the carbonate ion, CO^ , has one 
carbon atoo^ to which are attached t|^rec evenly spaced 
oxygen atoms (Fig. 73), and it carries 3 double negative 
charge. The sulphate ion, has four oxygens ar¬ 

ranged at the comers of ii tetrahedron arouiid a centra! 
atom of sulphur^ The shupe.^ of these ions affect the type of 



Fig, Tfl,—'Th^ sOmx cosmiEm irmig 



Fio. ^4 —The stnicture oF Cukhe, 
CmCU*. 'I'riangibs r^preaenl ihEi 
COj-groups. 


cry'sial structure uT their cuinpounds. Thus in caJeite (Fi;?- 
74} the Ca-ions are sUuatcd at the comers of a rhombobe- 
dron and the CO^-ions, represented by triangles tn the figure, 
are arranged with their centres midway along the rhombo- 
hcdml edges and lie in horizontal planes^ Physical and 
optical prupKrrties parallel and perpendicuJar to these planes 
differ greatly (^ee, for example, the values of refractive 
index for calcitep p. 253). 
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Co-urdiniiljon^—in km^ mstals each po&ilivc luti 
(c&tfcojil is surrounfieil by a. number of nt^ntive lons^ at a 
distaiiL^e fixed by ifit^ i^ism ol their radU. The niuTlber of 
negative lon^ arountt any tniv cafctou ts cnllrtl llie co^ordimt^ 
tirni rifunh^-r. and is determiaef! by the ratio of the radii of 
the two kinds dI ion. Tims in sodium chloridCi lire relative 
sizes of die sodUim and chlorine ions are such that everv 
sodium is surrounded hy six chloriruiS amingecl at the 
curners of a regular octahedron, a grouping known as (j-folrl 
cij-ordinatksii (vi-e Fig. ^13, where the edges of dctahedni 
cijuLfJ Ijc luserErtl hy drawing tiiagonaJ Lines). The metals 
alunnnium^ iron, magnesium aiitl dtanuim^ nmong oilieri^, 
are al^io found in <i-fold co-ordiTiatlon. 

In «iilicaic minerals, silicon alwily^t liaj^ four oxygen nLOm> 
ai^rarigcd around ii at ihe uomers nf a Eetrahcdron ; the space 
left betweirn ihv four oxygens packed together thus is |us,t 
suffrrient to accommcidate die sjnall silicon ion. Other 
cations which arc found iti V-fohl co-ordination ufv berjUiuin 
and zinc- An imporlanl feature of many silicate stnielures 
h that aliiiTLiiiium, already inenliooed as having r>fold co¬ 
ordination^ can also play die role oE* silicon (because its 
lontc radius Is only a little larger) and thus occur in 4-fold 
co-ordination. Aluminiiiicri is, becaiiS'e of its 5 ize,i a border¬ 
line case and can occur in cither 4- or fi- co-nrdination. 

Groups with co-ordination numliers From 7 to arc 
formed bv large cations such as Na+ Ca^ K, Sr, lia^ and Zr, 
hot these larger grciupis tenil to lie less regular tfian the 
smaller groups. The tetrahedral and rictahcdraJ groups (4- 
and d- co-ordinationj arc very regular In their fonUT and in 
building cry'stals they are pug together so that neighbouring 
groups share corners^ edges, or facc.-^., and are thus linked 
together sn as to build up the pattern. 

Isiomorphou^ Scibs^lilution.—IwmorEjbous replace meni 
of cRrlons by others of similar size and equal charge is com¬ 
mon ill silicates. TimSr readily replaces Mg^^, the two 
ions having nearly the same sizt^, atid Pe^" replaces Al. Such 
replacement is random and results in the minerals concerned 
having variable compositions. The possibility of isomor- 


THE,MQ.MU' SJKl'fllTKE OF MINF.RAJLS 


n9 

phoub bubstitLition depend tiiore upon ionic size tlian ujKiit 
vaiency- This is u^ell shown by the fiact that Na+ is cofn^ 
monly replaced by Ca'^+ (as in the p^flgioclaso felspars), but 
less readiJy by K% the explanation bein^ that ibc Na and 
Ca ions have almost the same dime ns wins, whereas the K-ifAi 
is considerably iar^^er than Nn, SiTnilariy, Li'*' may replactr 
in six-fold co-ordination. TJitrc is, however, a limb 
to the extent to w'hich siich ^ubstitiition can take place, the 
bin it beiii|^ reached wdien an alternative type of structure 
becomes more ^tablt- A mixed structure, such as a parallel 
intergrowth, may sometimes result^ 'Vniotls of similar size, 
such as 0““, PH”, F”, can also be snbsiituteri for one 
another. 

A feature whidi is peculiar to p^ilicates is the replacement 
of silicon by alumiuium, already noted. This replacement Is 
possible bi.i.T.iU5c of the similar sizes of the two ions; but 
W’hen replaces Si^” In 4-fold oo-ordination, a difrcreTu::e 
in ionic ciiar^e Is involved, since an Iqn with a lower chiirgu 
(3-I-) is substituted for one wnth a higher -h )- To make the 
structure electrically neutral another cation must be added, 
so that the sum of die positive charges eqiia.U that of the 
negative, Examples are discussed in the descrripdori of the 
sllicjite p(mixtures which rolJows. 

Silicate Structures. — ^The fundainentnE iinit In the build¬ 
ing of ailicate mtnerak is, as already stated, dm SjO^- 
groupi in which the sHicon atom (or, more strictlyf cation) 
is situated at (he centre of a tetrahedron ^vhose corners arc 
r>cGupied by four oxygen atoms (Fig. 75a)^ The distance 
betw-cen the centres of tw^o adjacent oxygens is 2-7 .4, r,c. 
nlmo:St exactly twice the radius of the oxygen. ClassiScatlon 
of the silicates is based I he different ways in whicli the 
SiO^-letrahedra occur, either separately or linked together. 
They are as follow^s:— 

fai S^pamte SiO^^~g-rOIips {i?rihosilicairs}- The sq^^^rate 
letrahedra arc stacked together in a regotar manner through¬ 
out a crystal structure, and arc linked together only 
thrrmgh the mediLim of otlicr cations which lie between 
them. Alt example of a minertd built up in this w^y Is 




Er-KM ENTS OF MIWERAJ.OGV 


MO 

oHvIdEj Considering- tbe valencies of the elements 

romposing; tbe SiO^-grotip^ vve see that silicon has four posi¬ 
tive, and each oKvg-en t¥?o negative valencies, t+a- there are 
eiglit negative valender in alt; the grotip as a whole there¬ 
fore has four negative valencies in eiicess. To balance the 
structure, every tetrahedral group ts linked to two divalent 
Iona (in this case each carrying a double positive 

charge, so that the whole grouping represented by the 
farmuJa Mg+SIO^ is electrically neutral. Some of the Mg Is 
iisuaJlv repilaced hv Pe in olivine, thus giving the mineral 
Its typical green colour; ihc proportion of Fe to Mg is 
variable^ and hence the formula of olivine is usually ’ivrilten 
fMg,Fe),SiO,. 

(b) Structures SlyO^^gfoufts. Tn Bcrae minerals the 

SiO^-tetrnhedrA occur In pairs^ In which one oxygen Is 
shared b:t\veen the t^vo silicons and Is inert 75bl. Tlte 
composition of each pair of tetrahedra is then Si^O^, and 
these units are spaced throughout the crystal and bouttd 
together by other cations. The charge on any Sl.O^-group 
Is — 0 (=2 x 4 - 7 M 21, so that three divalent Ions are necd'fd 
to balance it. The mineral melllitc., Ca.MgSigO^T, common 
in slags, has a structure of this kind \ another example is 
hemimorphlte^ fOH)^Zn^£i 50 ^.H 50 , in which water of 
crystallisation is also present. The mineral vcsuvlanttc 
(idocrase) has Both Independent SiO^-groupfs and Si^O^' 
groups (see p. 400); such u oomhTnatioti of two t\'pcs of 
structure is, on general principles, unlikely and the mineral 
is in fact rare* 

(c) Ring StmctiiTsSr WTieo each £iO^*tetfahedron shares 

two of Its oxygens with neighhouring tetrahedra they may 
be linked into rings, as shown in Mg. 75c; a ring of three 
tetrahedra has the composition SijO^ and one of six letra- 
hedra fhoLh formula being multiples of SiO^V An 

esample of the former is the mineral bcfiitoite, BaTifSi^O^T; 
and of the latter, beryl, BejiAf-fSinOjp,). In beryl the 
Si-rings are stacked one above another in columns, 
which are linked laterally hv the Bc-iems (in 4-coordination) 
and the Al-ions fin fi-coordimilionV Rutining throug-h the 
■stacks of rings there arc thus empty ** tunnels,” parallel to 




Fia^ Vs.—Silicatit riTUCtiirtfr, * }pHl 
c^dcs represent atoma; 

sDiron is sliowu lay or shaded 
cicclcs. 
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th€ c-iaxib of the crystal; gfases have been passed throuj^Ji 
these spaces in beryL It is thought that the heliuni which is 
ofU’n found associated with i\nt niinerfll may t>c occluded on 
tlie surfiices of the " tunnels.” 

(d) Cht^fn SiTuciures^ {St^Oj. A iinkage of tctrahcdra 
similar to that in tJic nn^js f>scribed above, but forming 
straight chain!v, is found in the important group of rack- 
forming minerals ktio^i n as tlie p3Toxenefi, The chains con¬ 
sist of a large numix:r of linked SiO^-groups, each sharing 
two oxygens {Fig. Tod), and have the composition 
u(SigO_^). The apeKe?- fd the tetrahedra forming a chain 
all point In the same clirection. The simplest example is the 
pyroxene diopside^ CaMg{Si-0^); here the excess negative 
charge on tlie Si^O^-i'hain is balanrei;! hv die valencies of 
Lhe Ca and Mg cations (verify hy counting the valenrit^s). 
The chains run parallel to the r-axis of ihc mineral and 
are bonded together by the calcium and magnesium Ions 
tvhich He between thcm+ Hach magnesium is coordinated 
b_v B, and each izaldum Uy B oxygens. 

To this type of structure, siliCDn may be replaced hv 
aluminium to a limited extent, as described nn p. 130. 
Aluminium in ay also occur among I lie cations Iving be^tweeit 
the chains. 7'hus alundnoua pyroxenes arc formed, for 
example aiigiie. The more comptes composition of thcw" 
minerals is discussed in the descriptions of particular species 
in a later section. 

(e) Z>ojjWe Chain StTuctufes, When two smglc 

chain3 are placed slile by side, with the apexes of tetrahedrn 
all pointing one way, and are linked by sharing oxygen atoms 
at regular inlerv alsp a douMe eftam results, w^hose composi¬ 
tion is Hi, 0 || iFig. Toe ; verify by counllng the atoms). This 
typr ^af stTLicture ii: r<Hiiid in the amphlholcir, a hirgc 
group of rock-forming minerals of which tremolite, 
Ca.Mg^(Si^011)2(011)3, may be taken as an example. All 
the anrrphiboles contain fiydnoxyl, fOH), as an essential con¬ 
stituent, to the extent oF about one fOllbradicle to elev^en 
oxj'gens- Some OH may he replaced by F, The fOHV 
grnups fit into thr fipaces In the structure shown in thi^ 
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tij^Lire; I his izonteoE ol hydntsyl vi ai fciniierly spoksn of 
water of cryj^tallisaliofir'' Tht,’ tiooble rbHins rtin parallel 
to the leng;th of (hr atnphifx^te crysitals and are field tog^ether 
Tatemlly by the IxanJ s(rcnf,^(b of the cations which !le Iw- 
tween thein^ in tills ease Cxi bi-ing- In S-fold and in fi- 
fold CfxiniiEatioa. Cleava^^c takes plaice hel^ieen the chains 
nnd is paralle] to tlieir lenj^thp as described on p. 1^6. 

When aluniinuirn n^jlsicc-s s<^nie of the silirrm In ihe rhaVn's, 
aliTtninous amphibolcs siirh as hamhlrtide Rrfc formefl. 
'I hns, Si^Oj^ may bot’orrie fAJSi^)0|j, rn which ease rhe 
rhaln acquires an c^clni negxitivr char^«^e. This is balanced 
hy a snbsHtntion of Al"^^ for nmon^ the other 

eatlonJ;^ nr by the adxfitiein nf tmlvalent alk:iJi metal Ions 
such as In the iBlter ca^r the additional sodium Ions 

are ^icndminociateil m spares v^hith are avaihalikr tx^lwtt^n 
ihe double chains. 

[n both the pyroxenes and the amphlixsles extensive suh- 
stitiitlon of cations hy others of similar and charge 

takes placcp Fe or Mn for F'e, nr 2Na for Ca, 
and so on, giving' ri.se to a great variety of compiositiDns 
which can* however, be arentmted for on the basis of the 
atomic stnicturcu 

fn A s!it=^t structure is Formed 

when the SiOj-tetriibedra are linketi by three of iheir corners, 
anri extend indefinitely In a twcedlmenslonaf network or 
sheet" 75f), which has a sIIicod : oxyg^en ratio of 

^ : in. This is found m the micas, chlorites, and other flaky 
minerals. For examole^ the mineral pyrophyfliu' (p- 4irii 
has the rompiosilinn ALSi^Oj^fOH)^. 

Tn the micas, silicon ts replaced by aluminiuiii lo the ex¬ 
tern *jf about one atom In foiin ibis change Is balanced 
by the additton of positive Ions fK); thus mnst’OATitr mica 
ha.s the composition K.AKf.AISi^lO^yfOHln. The SijO^„- 
sheeLs arc arranged m prurs, with the apcsrs their linked 
telrahcdra pointing mwards in eaeli pair {Fig. Tfib In mus¬ 
covite the t^vo sheets of a pair are held logether by 
aliuTiinliim ions which lie between them ; in other micas, 
such as hitUitc, Mg nr Fe ioTl^ uri Lipy these pi^j,iufvn'5, 
Hydrosvl IS accommodated ifi the stnicture as shown In the 
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figure- Between one pair of ^^heets and the ne^rt pair He 
iJie potassium ions, ’which are in IS-toordtnfllkm, This 
a rnueJi weaker 3>ond than tbc rest^ and ifie perfect cleavAg:i? 
for ¥r1iicb niJca js noted takes place along' ihc layers of 
poEassium ions^ parallel to the sheet strui:tnre+ 

In the rmneral talc, Mi§j;,(Si,0|^j(0Hl*+ there b ng replace¬ 
ment of Si by Al, and heni;e no possibility of attaching 
K-k>ns between ibe pairs of shtrtSn The b<)iiding here is 
dui* not to ionic but to residual or stray electrical forces— 
a ’n^eak linkag-e w’hlch is reflected in the charactenstic soft¬ 
ness of tale. 

(g-) FrarnEWork S^niciurEs, SiO^r A ihree-dlmerisionai 
frameiivork Is formed w-hen each tetrahedron Is linked bv all 


Fecs. til—‘H iEr strurtuM ot Mufioavhe, viewed parallel La the 

^eeta. Each pair of ^bects tis ihowh siftparated froEui the neit 
pair by a layer df pQla^ssium AtbEOf. 

four cornersp so that every' uxyg;en ion is shared betAveen 
two teumhedra. This gives a silicon i oxygen ratio of 1: 2p 
and the chafes on such a framework arc boJanced. 
Minerals which have this structure include quarti? (SiDg) 
and other forms of si Heap and also the important group of 
the Felsparsi in which aluminium replaces some of the sili¬ 
con. The chief felspars are; (i) OrihodasE, KAlSi^O,; here 
one-quarter of the silicon is ^substituted by alumijitump and 
for ever)' Si-inn tlius replaced one K-ion is introduced, and 
h accommotialed In large interstices in the frarnework. By 
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reckoning up the ionic char|res^ 4 aod — ^ we see that the 
coustUutlon neutrals (i't) 4JEnt^. NaAlSi^Oip with Na in¬ 
stead of K. (itil AnoHhiis, CafAUSi^lO^: here half the 
silicon is replaced by aluminluin, and u divalent aipm (l^a) is 
needed io restore electrical neutraTity, 

The fdspHthoids and zeolites also pos£ieb£i ?t (riimework 
type of strutl;ure+ 

The above results are snmmariscd in ihe table below. 


TTiE OP aTHecTirsH 1 coHrn$iTiox | 

MINERAL EXAhIPLE 

Double SiO|-^rDu|i^ 

Riug atmrtar^ 

Sialic dhAin 

Doubh chzin 

ShEct 

Franiewoik 

EiO. 

SiaO, 1 

Si.O,, 1 

Si;jO^ 

SLOiq 

1 SiOa 

OUvuic 

Mdilite 

Beryl 

Pyimell&E 1 

Amphibolgti i 
Micas 

FelspatS 

QuBxtf 


Physical Properties of Crystals in Relation to 
Atomic Structure.— ^Throughout the range of structures 
tabulated above^ from the simple lattice of separate tetra- 
hedra to the complex three-dimensional framework^ silicate 
minerali^ show a general change in certain properties. Thu^Ti 
iletiJiiy decreases as I he lattice becomes compleSp ranging 
from about a-U-3 4 (oUvine) to 2 SB (quarb;). /fefmcfire 
/^drac (see p. 152) also decrease a in a genera] way, from 
about t'7 (oiivlne and pyroxene)' down to 1-52 furthoclasel. 
The order of slruclural complexity also corresponds broadly 
with the fcmp^ralure of /drnifftmn of the minerals ^ thus 
olivine^ with a simple structutCi crystallises oiit early from 
a melt at a relatively high temperature* while msnrrak 
having more complex tyt>es of structure tend to form at 

lower temperatures. 

The hardness of minerals depends on the strength of bond¬ 
ing ivlthin the iTystaJs. ft was noted on p. 130 that diamond 
is very hard because of the strong homopolar bonds which 
bind the carbon atoms. Ionic crystals, including the sili¬ 
ca tes^ have in general eonslderabh' hardness, except wheti 
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B n pe oE bonding^ weaker than Ionic i? alone present In 
part of the ^structuref in the case of talc which has 
residua] bonds between the silicate layers, 

Cleavage takes place in a crystal olon^ those planes 
across witicb the bonding is weakest. This has already 
been discussed in the cose of sheet structures» e.g* the per¬ 
fect cleavage of rnica- Miormls with the chain and double 



Fk 3. t7.—Ckavagc diagram for fa.) 
pjTTEimBs and (b) Amphibales;. 
End^D riewg ai ih* cbalas axc 
ihOTO an the left, and the 
between the two ckavage dlrec 
tiens □□ the right. 


chain strticiiircs have two directions of eJea^ag^e which lie 
parallel to the chains, as sfioien in Fig. 77, where the stack¬ 
ing of the chains is seen end-oo. Cleavages pass hetw een 
the chaliu^ and are really surfaces having a series of very 
minute steps [the heavy lines of the figure]. According to 
the difTercjit widths of the single and double chams, the 
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iuiglc betwtien tUv. i lcaviiges In pyrokcnes Is 87“ and In 
ampbiboles is 124' (or the supplements of these angles). 

A franiework strucliire such as that of quartz has a lack 
of ^ood cleavages because there is an even distribiilian of 
bunds Lr al] direct krmS| and therefore nu plane across v^-hlch 
the boudlnj^ Ls weak. Hence quartz fractures hut doet? not 
cleave. In the case of the fetspars^ however^ the frame- 
wxjrk contains a complitatcd square-chain " pattern which 
nins parallel to the bnsaJ plane of a rtystal» and hence gives 
rise to the prominent basal cleavage ot orthoeJase and the 
pln^iociases. For further discussion of this and other 
matters relatinff to crystal Htructure the reader is referred to 
works such fl-S “Atomic Structure of Miueralsp'* by W, I- 
Bragg-. 


CHAPTiiK V. 


THE OPTICAL PROPERTIES OF MINERALS. 

Introdliciion» —Certain characters of mineral* dependent 
upon have already been considered. We have now to deal 
with the optical properties that are e&peolaliy impgrtajiL in the 
study of the ^rcat group of minerals known as. the racfe-/orin- 
mirirrofrj that Ls^ tiK^se that make up the corocnon rock* of 
the earth's crust. In this study^ the rock-forming minerals 
are examined with die micrascope and arc cither in the form 
of small grains or fragmes^ts or else in very thin slices. A 
microscope is also used in the examination of polished sur¬ 
faces of ore-mincrals. The description of the microscopes 
and of the method* of preparing the minerals for study with 
them is deferred until the principle* of optics that underlie 
the study have been considered. 

The Nature of Li^hL —The optical behaviour of 
crystals can be explained by the assumption that 
the sensation of light is due to vibrations in a medium 
— the ether —^ which pen-ades all space. This explana¬ 
tion Is not in harmony udtb certain other properties of 
crystals hut it is convenient for our purpose to assume that 
it is true. The vibrations are the result of rapid periodic 
changes in the electromagnetic condition of the ether^ and 
are transverse to the direction of propagation of the light. 
The waves produced by these periodic vibrations are similar 
in properties to other and familiar type* of xvave-motlon+ as^ 
for instance, concentric waves on the surface of Tvaterr 
Certain terms connected vrith wave-motion are useful. The 
of a wave is the distance between two particles 
that arc moving in the same direction with the same velocity 
—that ist which arc in the same Particles may differ 
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in phA^e, and Uie difference is espressed m teroii of the 
wave-length. Thus, in the wave-forni of Fig. TS, the particles 
and are in the same phase, and and di-Eer in 
phase b)' half a wave-length. 



FlC, 7a,—‘WH-ve-form, LUustratin^ pluisa-Ji^crviice'. 


The time required for the disturbances to travel one wave¬ 
length is call^ the periodic tijne or period. If T is the 

period, A the wave-length^ then the vekjcity V is clearly ;j 

The colnur depends upon the wave-lengUt pf the light 
causing Jt_ For violet lightp the %vave-length is O tK)039 mm. 
and for red liglu t>tKJCn6 rnun. White light, or ordinary 
light, consists of light with all the different wave-lengths 
between theac cKtremes. Monochromatic light is Light of 
one wave-length only. 

Polarised LighL —Wc have stated that the vibrations 
take pbcc at right aiigles to tlie direction of propagation 
□f the disturbance. In ordinary lightj the vibrations take 
place in all directions in a plane at right angles to 
the ray* as shown in Fig. 70a. Light is said to he 
piatte polarised, or, more usually, poiarised, if the 
vibrations are confined to one direction in this plane. 
In Fig, all the vibratLons lie in the plane of the paper 
and the light is polarised in this plane. Certain crystals, as 
ivc shall see* have the property of foroing^ as it were, the 
complex vibrations of ordinary^ light to take place in tivo 
planes, at right angles to one another. 

Isotropic and Anisoiroptc So Suppose that 
a disturtiaecc proceeds outwards in all directions from a point. 
At the end of a unit of time, say one seemnd^ the disturbance 
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will have Ertiveiled ciL^rtain dist^ce^^ nil L|ie&4: dlrci;- 

i-ioaSp and we could construct Home kind of surface Uiat 
would pass thrDug'h all the puIriL^ reached in that time. 
This surface ts called the wai/e-jur/ace, and a secLion 
Lhrangfh it In any g-iven plane passing through the point of 
origin is the 
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riic ska fie of Lhe iiVftve-surfacc depends upon the relative 
velocItJes of propagation of the disturbances along the 
dilTerent directions. ff the velocity is the same for all 
directionsp the wave-surface Js a sphere and the wave-front 
is a circle. If the velocities dilfer in different directions the 
wave-surface is some surface other than a sphere—in many 
Crystals it js an ellipuoid- 

Two classes of substances can now be distloguUihed — 
hotrepic .—Substances in which light is transmitted 
with the same velocity in all directions* In thesct the 
wave-surface is a sphere and the ivave-frodt a circle. 
Glass and minemls crystallising in the Cubic System are 
isotropic. 
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8D,—RcBecdcin al a StirfaDD 
XX. 


Amsoiropic* —Substances Ln vvhicb lig’bt is irapsitiitted 
with different velodtles in different directions. AH cfystalii 
ejceepi those belon^ing^ to the Cubic Sjstem are 
tropic. In thesei the waTe-surfacc is an ellipsoid i 
wave-front an ellipse. 

Reflection. —When a. ray of lig'ht strikes upon a surface 
separating one medium from another^ it is usually In part 
• or bent back into the □rig'lnai medium. During 

reflection %ht obeys two 
laws:— 

(1) Tlic angle of inci¬ 
dence Is e<jual to the 
angle of reflection. 
(S) The incident and re¬ 
flected rays lie in the 
same plane as the 
normal to the sur¬ 
face between the two 
media at the point 
of reflection. 

't hus, in SO, a ray of Light AB is inciilcnl on the surface 
XX at B. it is renecled along the path BU so that the angle 
between AB and the normal at B^BNj equals the aogk between 
BC and BN, that Is, so that the angle of incidence i equals 
the angle of refleetjon r. Further^ the incident ray AB, 
the reflected ray BC and the normal BN all lie in the same 
plane, that of the pKaper, NXX, 

Refraction. —A part of the 
light of a ray striking the 
surface separating two media 
passes into the second 
mediumH FI the (wo media 
are of different properties the 
ray Is bent or refracted on 
entering the second mediuni. 

I n 81 suppose AA 

lo represent the section of a 
parallel-sided pla(:e of glass, 
an^t BB' a rav of light incident 

14 


Frc. 
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at B^ Tht rav Insto^id of passiin^g s1raig:ht on^ \s fcrcni 

or rtfracted to B'\ rhiI on crmi^r^ing from llie glass is again 
rplraottd to para Ik] to the direction it pursued before 
entering the glass. 

The two following laws govern simple retraction ; — 

(i) rhe sineit of the angles made by the incident and 
refrj^cted rays with a line perpendicular to ihe surface 
separating thi' two tiieiiia always bear a defintte ratio to one 
another. 

(il) The incident and the refracted ray are in the same 
planet which is pcrpcntlTCutar to the surface separating the 
tivD media. 


Refraclir# Iiidc3L-^if the angle of incidence Is called 
I, and the angle of refraction r, we have seen thai for she 

same two media, * ijs a constant- In Fjf, SI, the lines 

sin r 

DO and EE are perpendicular |o the norrnal CB'^ and 
DB"= EB' since they arc radii of the circle with B' as centre- 


Then sin f —sin 


DEC 


DD 

DW" 


and sin r^sin 


EBE-= 


EE 

DB" 


so 


sin 1 DD 

that ^— —-=77^ and is a constant- 
sin »■ EE 

This constant Is called the Refmclhfs Index, and is of 
fundamental imptiriance in the optical investigation of 
mlniTats, In order to compare the refractive indices of 
different substances^ have to choose some medium for 
reference. The medpum chosen is usually air, which is taken 
to have a refractive m^k!H of 1- Eitamplcs of otlier refrac¬ 
tive indices arc: water t'33j fluor-spar 1'43 h crown glass 
1'53, Canada hatsam f-M, garnet i T7| diamond 2‘4Sx 
We Have now to deal with iJte relation between velocities 
of light and refractive index. Suppose thal the velocity ol 
light in air is and in a given medium is It can be 

shown by a simple geometrical construction that 

sm r 

that is, that the Refractive Index is equal to the ratio 
between the vebcilies of light in air and in the medium. If 
light l^avel^i wi til vdod ties tT^ and innvo given substances. 


THt (Jl'TirTAl. PROPi^RTlE.S DF SHNFUAF^i 
thi^n ilieLr ^ef|-act^v^^ indicia and are such ibai fi| = 

-* and n^ = ^— Therefore* and it follows thar, 

‘^3 - I'a _TjM 

lor a g'iven cofour of li^fbt, the rufraclivc indices ol two 
media are t»vcrsffly pruportioiial to the velocities of lig'hi 
in them. 

It can also be ishuwn that the nelractivc index increases as 
the wave-length of the bght decreases. We have seen that 
the wave-lcngiJi of red light is §tcaier than the wTSvedengiti 
of bine lights so that the refractive index for red light is less 
than that for blue light. White light eniering a medium is 
broken up Into the colours of the spectrum^ the blue colour 
occinring nearest to the nom^al since it has the greatest 
refractive index, and the red the farthesi away» This break¬ 
ing-up of white light is called diipprsion. 

it fotlow^s from the definitions given earlier that in 
isttiropic substances the refractive index has a constant 
value no matter w^hat direction the light is follOTivirig, whilst 
In nmsaifopic suhslnnces the refractive indev ifurw with 
the dlrectinfi of iraosmission of the light. 

Total Reflection and the Critical Angles— First 
examine the passage of light from a given medium into one 
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of lower rcfraciivc indes. In Fig. E2 a section through twn 
media isv showu, the lower havirtg a higher refractive indesi 
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than the upper. Rays of Sig-ht travel from a source S and 
pas£ from the medium with higher refractive index into ihiii 
with the lower. Ray A strikes the junclion pKane between 
the two media at right anglr*&, fto that its angle of incidence 

is zero and consequently 
its angle of refraction is 
zero too. It passes 
straight on unbent. Rays 
B,C,0 are refracted away 
from the normal as they 
pass from the lower 
mcdikim to the upper. 
There must be a positiont 
as with ray E, however^ 
when the refracted ray 
just grazes the surface 
between the two media. 
A rajj such as F, 
meeting the junctioo 
plane at an angle greater 
than E does is reflected 
hack into the denaer mediiim. A ray in the position of E is 
said to make the criticnJ angle with the nqrmaL to the juiit- 
tion pEanei Light faJling on this plane at angles greater 
than the critical angle is totnUy Tcjlucfed. 

Let us reverse ilie direction of the ray E as in Fig. 82, right. 
The angle of incidence i is 90^, the angle of refraction r is 
the critical angle (CA), whence the refractive index is given 

, sin I sin 90_ 1 ^ t i 

by-.;^-^ , that is, the amc of the critical 

sto r sin CA sin CA 

angle is equal to the rcdprocal of the refractive Index. The 
determination of the critical angle as a means of finding the 
refractive index is performed with one type of the instru¬ 
ments called refraciometers, which are briefly described. 

HefractometerSk —ITic principle of these instruments ft 
illustrated Ln Fig. 83. A laeinlsphere of glass having a high 
refractive index, 18 ti> IQ, Is used. The mineral w^hose 
refractive index is to be determined is placed on the 
lietnisphere, with a filrn of liquid of a refractive index inter- 


I 

i 



KefTactciiiijeteT. 
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mediate bclvvecn those of the hemtsphere aiid the mineral 
betT^^cen them. If the refractive index of a 1k|uid is to he 
determined^ as Is usually the case^ a drop is placed on the 
upper surface of the hemisphere. Li^ht is thrown by a 
mirror at g^razing- incidence &□ that it is refracted at the 
critical angle. A telescope placed to observe the emerg^ent 
rays shows a held that Is half lig-bl and half dark^ as shown 
In the figure- The value oE the critical an^le is thus 
obtained. 

The refractive in den of the hemisphere Is determined for 


air, from the equation R.I. = - 


- ^ where CA is the critical 
sm CA 

angle for air. Let this refractive index be N, and the re¬ 
fractive Index of the mineral t>e n, rhen^ as in Fig. 83, 

sin t vcliJCitv in mineral N 

~ =— 1 — —i- : — r — =—, whence nsw i = Nsio r. 

sin r velocity m licmi^pheie n 

But and sin £=J, and f is the cidticat angle, so n = N 

X sine of the criiical angle. Therefore the refractive index 
of the mineral is found by niultiplying the sine of the critical 
angle by tiie refractive index of the hcitilsphere* 

The chief instruxrsent of this type is the A f^he JiV/riifcM- 
meter. Smaller portable [nstniments suitable for the rapid 
deicrminatipn of the refractive indIceE; of gems are the 
fferbeH Smith and the Tully refractometers:—in these the 
boundary of the light and dark fields is Thrown on to a scale 
and read directly through an eyepiece. 


Outline and Relief of Mifterate in a Mount —For 
examination under the naicroscope minerals may be per- 
manently embedded in a mounts such as Canndri balsam, or 
for temporary purposes they may be immersed in nn oil. 
I’he surfaces of the slice or fragments of the mineral are 
made up of tiny ek vat ions and depressions which reftcct and 
refract light at various angles, and so cause ihc surfaces to 
appear pitted. The greater the difference between the re¬ 
fractive Index nf the mineral and of die mount the rougher 
the surface appears. 

A mineral of high refractive index embedded in a mount 
of lower refractive index acts as a tittle lens, and rays of 
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light coining from the bottom surface: o[ tht mineral appear 
to come from a slightly higher point. Such, minerals ihere^ 
fore seem to stmirl out in relief from their surroundings. 

Tlie di.Htmctness of the oudrnes of minerals depends also 
□|jon I he difference in refmeth^c iildex liclweea them and ihn 
moutiL Ff the n'fraetJAe indices of the rttineral and thi: 
moEint are the same, the mineral Is in visible. The mineral 
Cryolite has a mean refractive index of t tJSQ, and when im¬ 
mersed in vrater, wnth refraciWe Index of t U can 

scarcely be seen, ^fJne^aI£ with refraciivt indeit mnrkcdly 
different from that of the mount have well-marked dark 
tH:irders due to the production of shadows by lolal reflection. 
It is important to realise that this phenomenon is seen with 
minerals with a much lawyer refractive index as well as with 
these w’ith a much higher refractive Index than the mount. 

Beckc Kffect. —The relative refractive indices of two 
minerals in contact, or of a niinera] and the mount, can be 

observed by studying 
the very important 
Seckje Effect. Tn Fig. 
S 4 a mineral of lower 
refractive index on the 
left is in contact with 
one wnth higher refrac¬ 
tive index on the right. 
Of a bundle of rays 
thrown on to the contact 
beuveen the two minerals 
some are refracted and 
some totally reflected so 
that they are concen¬ 
trated just within the 
rnineraJ with higher re¬ 
fractive index. Under 
the microscope a nar¬ 
row' line of light — 
the RecJts IJnc —appears 
in this position, and 
as the microscoper objective is raL^ed, the Beckc line appear^t 
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to Ira yd Into ihc minerni with the higfher rrirattive index. 
In ptacttce< tht^ Becke line Is birst :*eefi by uiing a hi^h- 
power objecttve and cutting off some of the Ipffht 
through the xnineral by a diaphragm bcloiv the microscope 
Etage. The Becke ElTt.*ct is constantly used that ihe 
simlciic must remember the rule:— as the ohji^clive is raised, 
ihe lig^ht hand travels initf the miricral af higher Tefracthe 
index. 

Shadow Method with Inclined [NuminaUon. - 

Another methcMl of ifcterminmg the relative refractive indices 
especially of minerals mimersex! in oils is to use inclined 
iliuminatlon; this can be effected bv placing the finger or a 
card below the micro^icopc stage so that a portion of the 
light paz^sing through the mineral ts cut otT at one side, 
I he rays tlicn strike the contact surface between the mmeraJ 
and tl]c mount obliquely^ if they pass from a mineral ol 
higher refractive index into a mount of lower refractive 
index they aru concentrated by refraction and form a light 
band; if they pass from the mount of ioiver refractive index 
into the higher mincraU they are spread out by refraction 
and so produce a fthadntv. Thus, if I he finger is put In from 
the rights a shadow appears on the left side of the mineral. 
Bu( the mIcroscDpc objective reverses the positron of the 
image, so that we may give the rule z- // ffie shadow 
appears on the same side as the finger^ ;fie reinerdf a 
higher refraclh'e index lhan the Ftinun^ This piienomenon 
is besr seen with a loiv-power objective. 

Immersioii Method* —For accurate determination of 
refractive index of marteral grain.s the iiimiersion method is 
used. The grain is placed in ao oil and by using the Becke 
or Shadow methods the relative refractive Indices are noted. 
Suppose that thi^ Recke line passes into the mineral on 
raising the objective of the microscope. The mineral there¬ 
fore has a higher refractive index than the oii. A SKond 
□ih of higher refractive index than the nitneral, is selected 
and mixed with the first oil until the refractive Indices of 
the mixture and of the mineral are iilentical. The operation 
is done on the usual glaAS microscope slide. The refractive 
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indEii ul Llie mixture of oila, and therefore of Lhc miDeraJ, 
is then dettirmined liy usiji;!^ oun of the refractomctcrs 
already described, 

the liquids used In this metlipd have a greater dis* 
Persian than minerals, that is, they have a greater difference 
in refractive Indices for tights of 
dlCTerent colours, a stage ts reached 
when the mineral and liquid have 
die satTu- refractive index for yel¬ 
low light, but tht refractive Index 
for red light of the mineral is 
greater than that of the liquid for 
tJie same hght^ and the refractive 
indeK for blue Ight of the mineral 
is less th^fcn that for blue light of 
the liquid. At this point, 
fringe^ appear at the edge of the 
mineral grain when the Shadw- 
inethod IS applied. One edge of the 
grain is blue and the other redn In¬ 
dicating that for some intcrmedFate 
colour^ such as yelloW| the refrac* 
mineral are the same. For accurate 
work, monochromatic light is then used and the Becke Effect 
applied. 

Suitable immersion oils are: kerosene t 448, clove oil 
1’53, ^monobromnapthaJene 1-658, methylene iodide 1?40» 
and methylene iodide saturated with sulphur 1-778. 

Double Refractiot1»-^’We have seen that in trofropjc 
substances the refractive index has the same value for all 
directions. A ray of light entering such a substance remains 
a single ray, thoi^li bent from its course. Isotropic sub¬ 
stances are thus smgiy rsfraciing. 

It is different with anhotfoptc substances. .4 ray of lighi 
passing from an isotropic to an anisotropic medium forms 
^-lDo refracted rays. This phenomenon is called d&uhl^ 
refraction. 

Double refraction is shown by all anisotropic minerals but 
especially well by the colourless transparent varietv of cal- 
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Cite called /cirJaiiJ Spar. The student should obtain a small 
cleavage-fnignieni of this mineral. As will be recalled the 
cltfavage-fragmtint is a rhombohedroa in shape. if ihe 
rhomb is placed ov+er a dol, it will be found that two Images 
of the dol are seen. If the rhomb Is rotated, one of these 
images remains stationary whilst the other moves round the 
stationary dot. The hnage ^vhtch does not move is called 
the imag^ since it is formed by the ordinary ray 

which has passed through the calcite a?; if this were an 
j-SOtropic medium. Tlie other image is the exfraordjunry 
imajfe formed by the exordinary j^ay* The paths of the 
two rays arc shown in Fig. where it is seen that^ though 
the light is incident perpendicular Eo the lower surface of 
the rhoTnb, still the extraordinary ray Is refracted there, and 
is again refracted where it leaves the rhomb- That the 
ordinary' and extraordinary' rays travel with dilTcrent 
velocities can be demon seated hy looking through two 
npi>osite pinholes in pn-^per pasted □□ opposite faces of the 
rhomb, tmage?; arc seen in two pojiUions of the eye^ so thaE 
the ordinary and extraordinary rays are differently refracted 
vvhen they emerge ^kr\4 therefore have different velocities. 

We can ess a mine the character of the light of the ordinary 
and extraordinary rays by means of a iourffialiti^ plafe, 
w'hlvh has the property of transmitting light vibrating in a 
Single plane^ that is, polarised light. If the tourmaline plate 
IS placed over the caJcJte rhomb so that the known direction 
of r^ht pasfiing through the tourmaline is parallel with the 
long axi^ of the rhomb face^ it is observ^ed that the extra¬ 
ordinary image disappears and only the ordinary image is 
sten. Similarly^ tf the tourmaline plate is rotated through 
the e?ttraordinary image is seen and the ordinary image 
disappears. This experiment demonstrates that the light 
of the ordinary and extraordinary rays is polarised at right 
sngFfrs and thal the ordmaty ruy conshti of light vibrairng 
^liraZIeJ fa (he long dtagonal of Hu? rhoinb /nee end ihi gxtro- 
ordtnory rdiy i>/ light vibrating paralht fo 

Optically Unmsial Minerals, —We have seen that two 
images oi a dot arc visible through a calcltt rhomb laid on a 
rhomb face. If we take a cTilcitc rhomb and grind dtiwn thr 
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two opposite corners at wlitch three obi use angles meet— 
it f.ie recaUtid froiiii p-r 9ft thai! the vertical crv 5 *t^llo- 
graphic axis joins ihcse two eomers—and so product two 
parallel facesp ue can observe that only one tmitg;e ts ^Jven 
when a dot is viewed through these faces. Examination ol 
calcite rhombs oit ]d nintterous otlicr directions would show 
that the vertical crystalki^raphic axis was the only direction 
alon^ which only one ima^ appeared. Along this direction 
the Ordinary and extraordinary rnys have the same vetocitics 
and no double refraction occurs. This direction is called the 
Optic Axts^ and since there is only one such directirHi-h 
Crystals like calcite nre said ie> be rniUAial, 



JrlG. aG.—TiViVf Frcmta in L^oLaxial 

Experiments with innumerable sections of calcite have 
Llemonstraled that the ordinary ray travels with a constant 
velocity and has a constant rtfraclive indrx no matter what 
Its direction may be. Its wave-front is a sphere and a 
Section of this a circle. On the other handj h is found that 
the velocity of the extraordinary ray varies with its direc¬ 
tion. Along the optic axis it has the same velocity as the 
ordinary ray j at right angles to the optic axis li has a 
maximum velodtv greater than that of the ordinary ray. In 
intermediate positions It has internnediate velfscities. The 
wave-front of the extraordinary ray is on ellipsoid of rota^ 
tion iivith sLs short axis equal to tht^ radius of the sphere 
representing the wave-front of the ordinary ray, A section of 
the extraordinarv ^vave-front is an ellipse' The wave-fronts 
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oT c^akite are represcnltrd In Fig. kfi Left, the circle of the 
ordinary ray being inside the elhpsic of the extraordinaiy ray. 
MiDeraJs like caicite which have the velocity of the e^tra- 
ordinary' ray .greater (ban. that of the ordinary ray arc said to 
he nej-ahke, 'Phe oppKisite coBditlon iS seen in another j^^roup 
of uniaxia] minerals, of which quartz ss one, where the 
extraordinary ray Is slow^er than the ordirtaiy.' ray^ so that 
fhe diag-ram of the wave-fronts shows an ellipse within * 
circle {Fig. 8a ng^ht). 

These conventions can be summarised as fohmvs:— 

iVc^afi'ue (7n(£i.xiaJ Minerals.- —Velocity of exiraordinary 
irtcatcr than that of ordinary ray; w^ave-frqnts a circle 
inside an ellip^^e; further^ since the vetodiy varies as the 
reCEprocal of the refractive index^ the refractive index e of 
(he extraordinary ray is less (ban the refractive index tu oi 
the ordirfarv ray. 

Example,-—Calcite. 

Positive Uniaxial Minerals .—^Velocity of the extraordinary 
ray is less than that of ordinary ray j wave-fronis an ellipse 
inside a drefc: the refrULtive index * of die extraordinary 
ray E5 greater than the refractive Index ni of the ordinary' ray* 

Exanip! c.—Quartz r 

Our experiments with tlic cleava^e-rhomh of calcite 
demonstrate also that the ■ordinary ray vibrates pMrrperkdlcu- 
lur to tJ^e s.iptic nxisp and the extraordin+iry ray in a plane 
containinj^ the optic axis and lyin^ at ri^ht angles lo the 
direction of vi bra I ion of the ordinary ray. 

Uniaxial minerals belong lo the Tetragonal and Hexa¬ 
gonal Systems, so thal tlie following classification has so far 
iscen established r— 

fsoEJopic mineraJs.^—Cubic. 

An ESolrop EC m ineral s. —(11 U nias iaE— T etragonaJ and 

Hexagonal Mmerals. 

{2} Other minerals. 

The Nicol PrLsrri.-^it is essential for the cKamination oF 
minerak under the microscope that polarised light should hr 
a^^ilable. The best means of producing this is hy the Nicoi 
PrisTfi or jVjVoT Tbi.s apparatus depends for Its action upon 
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the double refraction of caJcJte* Longj transparent cleavag^e- 
rJiombs of IceJand spar are employed^ The ends arc ground 
down til] they make an angle of to the long edge. The 
rhomb is cot into two longitmdinallT by a plane running 
through the two corners which have three obtuse angleSt 
and the two halves are rccemented with Canada balsam. 
The inclination of Ibis film of balsam is such as lo cause the 
total reflection of the ordinary ray while allowing the extra¬ 
ordinary ray to be traasmittEd. Thus, in F^g. 87, a ray of 
light JR entering one end of the rhomb is doubly refracted 


. -OR 



tit?. Prisnii atoirbvg Ordinary Ray 

lota^ icfiatted b_v the Layer Cif Balsaio whikt 
I He EllraoEdiiLary Ra y Is tnni^millcd. 


into the ordinary ray OR and the extraordinary ray ER, 
The ordinary^ ray meets the film of balsam at an angle 
greater than the critical angle, undergoes total reflection and 
is driven on one sfdt% so that it does not emerge at the other 
end of the rhomb. The extraordinary ray passes through 
the rhomb, so that {f&tarised light emerges. It Is important 
to note that since it tsi the extraordtoary ray that is traus- 
mitied+ tlie direction of vibration of the polarised light from 
a N'kq} is parallel to the afjorf diagonal of the rhomb Face 
at the end of the ntcnb 

The Petrological Microscope.— A type of mieroscopc 
used Ml the study of fJ^in s^ctians of jtiberals and rocks is 
shown in Fig. SS« The essential parts of the inslritmcnt an; 
iadicared in this figure. Two Nicol prisms are fitted—oue 
below the stage called the poltiriser^ and another called the 
analyser either above the eyepiece or, as shown in the type of 
inicroscope figured here, in the tube between the eyepiece 
and objective. To some modern microscopes, discs of 

polHfTtid .ire used instead of the usual Nicol prisms. 
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A cxjndeDsin^ lens CiMi bn pjaced hetiveen Ebc lower 
nkol or polarkser and the rise mirroi: ib used lo 

Lhro^v h 1 beam of lig;ht up llirough the polariser if Lhis Is In 
use, ihruugh the ihin blsce^ etc,, of tbe mintra] on the Sjtage 
ujid hence Efiroug-h the objective, and ihe mineral Is vkwed 
by the eyepiece wJ^ich fitted with two cross-wires at right 
angles. The polariscr^ analyser, condenser, and Bertrand 
lens can be inserted into or renioved frorn the optical system 
31 w'ilL 'fhe student is recommended to make himsell 
thoroughly fatmliar with the parts of the tnio-oscopc that he 
uses, 

Croftsed Nicols^^ —The two nicols of the microscope are 
said to be crossed w'hcn Lhe shorter diagonal of one Is a I 
right angles to the shorter diagonal of tlie other. Cenbider 
a ray of light entering tlie lower nlcol or polariser. Only^ 
the extraordinary' ray leaves the polariser and vibrate?. 
parallel to the jfhort diameter. When [his extraordmary 
ray enters Lhe top nlcol Or analyser it is vibrating parallel 
to the iofjg axis of this, since die ntcols are cr&s&cd. This 
is the direction of vibration of the ordinary ray of tlie 
analyser so that ihc ray is thrown aside and no light what- 
e\xr gets through the analyser. x4 dark field of view results. 
The nicolb of the microscope used should be tested for ac¬ 
curate crossing. 

Isotropic Minerals Between Crnist^ed Nicola,— It will 
be recalled that isotropic minerals are single refracEing, A 
plate of such a iiiiEicraf placed on die btage betiveen crossed 
nicols allows the polarised light leaving the low-cr nlcol Xi> 
pass through It unaltered, so far as its inbration-direction 
is concerned^ The dark field of the crossed nicols therefore 
remains undisturbedx It is clear, too^ that rolacion ckf 
die mineral plate on the stage cannot afiect this condiUon, 
The important rule iifi : isolTopic saf?jftiricfi;S'^fhat is, 
minerals of the Cubic iSy5ifftn, natural glassei and d /etr 
nuTierah such as opal — gi-^e blackness belween crossed 
fitcofx a( ail positions of the siagt^ 

Anii^otropic IVlinerals Between Crossed Nicole. — 
Anisotropic minerals are doubly refracting, so thai a ray of 
Light entering a plate is broken up Into two rays, vibrating 
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r»Q Etnefjicni liay*s difler- 
ihE in pbw, interfere,—tl* 

f- f p ultun t ia iS^Hivd by tlw 

brnkcD curve. 


A??ALVSER. 1 wo rajH natef, 
are brokjcn up into {we vibn^ 
ttPiu paroillal to loiig 
ol the Nicdlp wliich are re- 
frectfld out* and Jato two vibra¬ 
tions paraUd lo th* abort 
diagan^ wkLcb emerge. 


Two ray^ Iwn^e Lhfl mineral 
plate. 


MINERAL plate. Light 
Btuefing rrom Polansor is re- 
sdved into two vibratieme ai 
right angles paraJle! in the 
vihralion-directitiM of tbe 
pUle, 


POLARISER. Light teavea 
the Polerixz vibrmtinE paralld 
lE the flbon diagenef of tbe 
Nicol. 


Ordinary Ughti not polMi^dk 
possca into PolariHer. 


SOURCE OF LIGHT 

Fid. —Diagram represeudng the Hapfieniiig* In a 

Mineral ptaie viewwl between Crossed Nimla. 
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angles and travpllint; with diflerenE velocities. 1 ht 
ditrectioDs of vibrations of tbe l.wo are called the 

add one ray is the fast ray and one the 

shw. 

Suppose a pnraliel-sidcil plate ol an anisotropic mineral is 
placed on the fnicroscope sta^e and examined between 
crossed nicols. A ray of nioworJircuniibr figlfi—that is^ li^hi 
all of one wavt-length^—leaving the polariscr is vibrating 
parallel to the short diagonal of this nicoL This ray, meet¬ 
ing the lower surface of the mineral plate which baa itF- 
vibration-directiona at an angle to the nicol planes, as 
shown Ln Pig- 39, is doubly refracted Into tu^o rays which 
pass through the plate with dlffcrcjit velocities. These two 
rays therefore differ In phase when they leave the mineral 
plate and enter the analyser. In the analyser each of the 
tivo rays la again split Into two. One ray nf each pair— 
the ordinary^ ray vibrating parallel to the long diagonal 
nf the analyser—is thrown aside, and The two extraordinary 
rays, both vibrating parallel to the short diagonal, leave 
the analyser- These two polarised rays vibrate in the same 
plane^ and have the same %vave-length since Tnonochromalk 
light is used, hill they have travelIctl different distances so 
that there Ls a phase-difference beiw'een them- Under these 
circumstances the two rays interfere- 

The t\TO mys traversing the mineral plait- differ in (diase 
bv some part id a w^ave-lengLh, Suppose first nl all they 
differ by U 2, 3 or any number of whole wavc-lengtlis. 
Certain coitsiderations dealing wilh the ampliliidcs of die 
vlbraiiions along the vibraiiiin-ttirections of the mineral and 
fhrir resolution along ihe vihratitni-dirECtion of the analyser 
—Uiese uonsidcralvCJiis ate lieyt>iuj tlie scope of tins bootr— 
showf that ihe vibrations are up^josed in action and rancel 
one another oui- llljickness results and Ehia ooetirs In alt 
positions of tlie v I bra lion-dir rations, that is, thronghnut 
revolution of rhe inicroscojMc si age. 

In the next place consider a phasc'differente of It h i 
wave-lengthsp that is, any odd number of half wAvedengths- 
Here the ^nbrHLions are found to hrlji imi- annlher^ and the 
grealeit amount of light gels ihrougii. lliis condition, how¬ 
ever, does not hold ihroughnul: a roitatlon of ihe niJcro5CO|fc 
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Coftsider tbt condiliorts when the vlbratjon-pfanc?? 
of the mineral are parallel wlih the siicol planes, that is. 
with the TibraUon-dirtcOons of the etigoIs, Polarised li^ht 
Leaving the poLariscr Is vibrating parallel to one vibratin¬ 
direction of the miTn^i'nl and so passes through un j 

but it then meets the upper nicol parallel to its tong diagtma 
and is thrown aside^ Blackijcss results. The vi ration- 
directions of the mineral will coincide with the vibration^ 
directions of the nicol four Um£S durmg a complete mm ot 
the microscope stage. For phasfr-differences o an 
number of half wave-lengths, therefore, the mmeraJ shows 
blackness four times during a complete turn m e 
its vihration-directioQs then comciding with ose o ^ ^ 

nicols, and brightest colour in the intermediate positions 
The mineral plate is said to be eyiiin^ishfd four times 
during the fotatioUk and is then in the 

Let M be Uie thickness of the mineral plate, and and 
the Teiocities of the two rays which traverse it. These 
t 1 

velocities depend on— and — where n^ and are the refrac- 

0l ^3 , . 

dve indices of the two rays. Further^ let t,, t^i be me times 
lor the rays to travel the distance M* Then = 


and t, = = M i^T 

Jn worda^ the TftardatiOfi of ihe two rays Is equal 

to the thickness multiplied by the 

index. This latter quantity (na-nj is called the bire- 

Ffnally, if A is the wave-length of the luonochrotnaiw 
light used, and P is the phaseKlIlTererce. n is clear that 
^ Refardoficm M 

A “ A 

1 roto this last espression wc sec lliai in a ^edge of a 
mineral, where there is a constadl difference between the 
refractive indices of the two rays traversing the wedge and 
where the thickness varies from nothing up to Mmc con¬ 
venient amount, there Is a means of varyu^ the phase- 
difference from nothing upwards. Jf such a wedge is 

12 
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cjcaniLned httwcEo prosaed nicpls, it Allefna.ting' da.rk 

and light bands corrtspantling- tn phase-diifcrenecs of 
0 (dark]^ | A (llghi)^ A (dark)^ A {light) and so on^ 

So far we hove dealt with plates and wedges In mono- 
chroniatEC light, and %ve mast now deal with them in 
light consisting of a number of rays of different w'flve- 
Icngth-S. For a gh^n thickness of a plate, the two rays 
[caving the polariser have a certain phase-diffcrenixt, If 
this phase-difference corresponds to 3, etc. wave-lengths 
of any one colonr of light, that light will be estlnguishcdi, 
w hilst rf it cdrrcspondb to f, etc*, wave-lengths of any 
coloar^ that colour will be strongest* The colour produced 
is calltsd the mtei'fejisnce coluur or polarisation colour of the 
plate. The colour does not change during rolation of the 
stage but simply alters in intensity* 

Now consider the -ipedgs between crossed niools in lu/ute 
KgliL The various componfmts of different w^ave-lcrngtb& 
tliat make up white light produce darkness and inaximum 
colour at different positions for each light along tbe wedge. 
The over lapping pf the various darknesses and brightnesses 
combines to form , a series of colours known as jVp-ar^onVr 
Scale of Intcrferett^e Cohurs. A familiar exarnple of this 
scale IS seen in the colours formc-d by thin films of oil on the 
surface of water. Newton's Scale is iilasirated in the 
larger text-books* The colours are divided into orders, 
:ind a crude description of the scale is as follows ^ - 
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1 he stiidiint Should examme s i%tdge oi quarcK bcuvecn 
crqssed nicol^i and familiarise himseif with the colours. 

The iiiterfercDue colour depends on the phasc-ddfcrencc 
which varies, as we have secn^ with the Lhid^ess of ihc 
siioE and the birefringence. It is dear that thickening t e 
xlicc gives a colour higher in Newton's Scale. Similarly ^ i 
the birefringence^ i-e., the liLiTerrnee between ihe refractive 
indices of Uie two rays traversing ihc pbtct higher * me 
Interference Cdlcjurs are higher, ihc hirefringence depen s, 
in xiny particular mineral on the direct ion at the slice. 

Acetssory Plates: Quarts-wedg^^ 
fkjtr.—These three simple accessories to the petrographi 
uiicroscope are uf cunsidcrable use- Iht quiirts-TiDragi pro¬ 
vides Newton^s Scale o^ Colours and can be used, as ex¬ 
plained below, to cstiinate the birefringence and to 
rnine Ule optical si^ti of uniaxial niinetats- The w^edge has 
ntarked on it the direction ol the slo^ or fa^t vibratiof^. 
A wedge in which the slow' vibration is parallel with the 
iength of the wedge is called a or slo^t’-oioug 

ipedge. A second accessory is the gy'psum- or selenite- 
plate %vhich is a plate of gypsum of such a thickn^s ^it 
it gives the tini, the purple at the end of the irat 

Order, between crossed nicols. When placed over a miner . 
the gypsum-plaie gives bint when the phase-dincre^e is 
Increased and red when it is deer eased j so that phasc-dJ er- 
cnces are easily told^ The m3Cfl-piuf& b a^ thin plate of nuca 
of such a thickness that for ydJoW’ light it gives a relsf - 
lion of a quarter of 3 wave-length. The gypsum-plate 
mica-plate have tlie cha^a£;ter^ fast or slow, of the vibration 
paiallcl to thetr lengths marked on them. 

CoEnpensatioUf and the Delerminatioa of Inlerfer- 
ence Colaur —We have already noted that one of the two 
ravs transmitted by a mineral plate is ski\v» and the other 
at right angles is f'ast. If a mincraJ plate is placed between 
crossed nicols and an accessory plate put above it so that 
the slow dirtction of the accessory plate coincides with the 
slow {Hrectlpn of the mineral plate, it is dear that e ect 
is one of thickening the sUcCt or Increasing the retardatjon 
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and so raising the interference coStJur. If, on the other 
hand] the slow of the accessory plate coincides ^vith the fast 
of the mineral^ then the effect is one of thinning, decrea-sing 
the returdation and Inwerii^ tJie interference colour^ If the 
acccssor>^ plate is of the proper thickness, the gain in the 
minerai plate is just neutralised by the loss in she accessory 
plate so l!tat the phasenlifrerciitre is ?:ero and blackness Is 
produced. This la called compensation. 

The quartz-wedge is of chaogiiig thickness, and is used 
to produce conipcjisatioa. The mineral plate is placed in the 
pKHsilion of greatest brightness, half-way between the 
tions of C5tUnction, and the quartz-wedge Inserted In the slot 
of the inicroscope betn-een the nlcol prisms. Two cases 
occur. When the slow of the wedge comddes w'ith the 
slow of the mineral no compensatioo can be produced, and 
the colours In the wedge wUl be raised to those of higher 
orders. If the inlneral plate is then tat-ned through 90* 
the slow direction of the wedge is over the fast direction of 
the mineral and for some tliickness of the weflgc the gain 
in the plate is equal to the loss in the wedge, or vice versa 
—so that a compejisaiion hand appears in the New^ton's 
Scale given by the w^edge. This compensation band corre¬ 
sponds to the interference colour of the mineral so that this 
latter is determined. 

Minerals are often consistently longer in one direction 
than another. The orientation of fast or stow rays with 
respect to this elongation is often an important optical 
feature. This sign of elongation^ or shnpJy the trlongation^ 
is deteffnined with the qiiariz-wec%e or other platc+ The 
elongated mineral is put in the ^5" position, and the 
character of the rayi either fast or slow’, vibrating parallel 
wilb the elongation deternyned in the previous para¬ 
graphs. If the ray vibrates parallel fo the 

this is said to be positive ^ shortly, jioie long positive^ fast 
long negatk'ff. It should be carefully noted that sign of 
elongation is not the same as the optical sign. 

Determination of the Opticnl Sign of tlniaxial 
iVlinerats Where the C*Axi$ is Known.— The bin- 
fringeni-*---the difference between the refractive indices at 


THE UPTICJ^l. PkOPKBl lES OF MINERALS 17^ 

ihe two ravs travefsing a *jtctlDD^-dcpcDds od th^ difcctio'n 
cif the sectiofi with resptcl io the optic axis in 
iTTijwr-a/^t [j^ht travelling- perpendicular la the optic aiis 
has two rays w^ith the ordinary and the extraordinary refrac¬ 
tive indices, and so birefringence is tlie greatest for the 
cnineral. tn a direction ohlitiue to the optic axis^ the two 
rays are the ordinsr>^ ray and aa extraordinary ray which 
has a refractive Index intermediitite between those of the 
ordinary and exlraordifiajnt' values—such a section has a 
lower birefringence. Along the optic axis+ the ordinary ray 
travels with the same velocity as the extraordinary ray^ the 
refractive indices are the satne, there b no phafie-difTerencei 
and the section La bo tropic. 

We mav illustrate tliesc rcniarks by reference to sectaons 
of quart!.' A section of the usual thickness of quarto cut 
parallel to the vertical crystallographic axis, which iSp of 
course, the optic axis, shows between crossed nicols vellow 
of the First Order in Newlon^s Scale. This is the highest 
polarisation colour of quarto for that thickness of section. 
A second section cut obliquely to the c-axis* say parallel to 
a rhombohedral facc^ shows betw'een crossed niwls a lower 
polarlsatton colomr+ possibly pale grey of the First Ofdp'r 
A basal section is isotropic between crossed nicolsi remain¬ 
ing black In all positions. - - i 

If the position of the c-axis or optic axis of a ^niaxial 
i.rystal is known in the section. It is possible to the 

rypiAC In uniaxial minerals, as already stated^ t c 

ordinary ray vibrates perpendicular to the optjc 
c-axls, die extraordinary ray pen?eodicijlar to the ordinary 
ray* Take calc!te, li negative mineral, as an example* Re- 
mcmljer the clnzle inside the ellipse of Fig. and so slate 
that the e.TirtforJiJinry my ts fa^t, onfiuury my iloTtu Hence 
the ray vibrating parallel to the c-asls is fast, fn genera 

terms :— ■ » - 

Tht: vertical ^staUa^raphic axis is foxf. unuifcia! mineral 

-^^b’ccrllv negative. ■ ' t 

The \erUcal crysiaUogmphtc axis Is slow, umaxiai 

mineral oplicalh positive* 

Whether the c-axis is a difixztion of fast or slow vibrations 
is determifiEd In the manner just described with tin acceSr- 
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soty plate bclwecD crossed nicols. Unfortunately, thr 
cr-3xk is recoini<iabli: only m a fevi' cases In practice. 

Vibralitni^DirecUoiis and Oplic Orientatiori.—Jn all 
anisorroptc minerals there aie fast and slow directions oi 
rihrat'mn at riylit an^fles und also a third dirf^tioriT I'tfi^ht 
angles to the other nvo, alon^^ whicli the vibrations ha^k'^ an 
mtermediate speeds In uniaKial crystals, ^vhich vie have 
mamiy considered so for, this intei mediate speed is equal 
to that of eJtlter the ordinary or extraordinary rays—the 
vibration-directions are only two- 

The tliree vibration-directions at ri|jht angjles are called 
the principal vibraiian-ajtes Or OJfej 0 / ths optical eUipsoid, 
The vihrsition-asic^ are denoted by fast^ Xt or a 1 inter- 
mediaie, or b. and slow', Z or c. In every stfCtlon of 
an anisotropic crystal there are tw’o vibratiori-dircclions at 
rig^ht angles^ one sloiv and one but not necessarily the 
slowest or the fastest for the mini-ral. 

"Ilie optical oriciitaliou of a mineral is the relation between 
the vshration-aMcs and the crj'staHog-rnphie axes. The fol- 
tovring' scheme shows the optical orientations in the difFcrenl 
cry'stal systems:— 

Cubic Systeh.—T hree equal vitnatlon-ases, wave-front a 
sphere, all direct tons alike. 

TETRAUrON,*^^!; ASTD Hfxaco^ai. SvsTFys.—The optic ascjs is 
the vertical cry^stallDg^rapliic axiia; the vibration's 
taking^ place perpendicular to this axis are all equal. 

ORTHORMDMflic SvsTEM,-—The vibratioo-axes X, Y, Z 
coincide wnth the crystallographic axes, any one of 
the first with any one of the second. 

Monocltntc System, —One vibration-axis ooinctdcs with 
the cry!5Eallcig:raphic axis h, the ortho-axis, and the 
other hvo be in two rectanguLir directions In the 
plane nf symmetry. 

TnicLthrTC System-—IT ie vibration-axes are tn any position 
whatever, but, of course, aU at right singles to one 
another. 

Position of Ertinction and Extinelxon An^^le.—We 
have seen that most sections of anisotropic niioerals extin- 
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^jsh or show darkoeEJs between crossed nicols four times 
dxiring- a campleEe revoSutioo of the sta^e, and that eatisnc- 
tion occurs when the vibration-piwues of the mineral are 
pa rail d to tlse nicoJ planes. From the prevksus parfl|rrapb 
we see chat the optical orientation characEeristlc of each 
Crystal system shows w^here extinction shall occur with 
reference to the crysiallo^raphic dlrectjons- Irs sections of 
many minerals ihcre are sttn cleava^res or erystai of 

determinahie crystaHogrraphic orientallion^ and the position 
□f extinction with regard to these can be observed- The 
is the an^lc between a vibration-plane and 
a crystallographic direction in a g^Lven section of iht mineral- 
It Is measured bv placing the mineral in the txEinctibn post- 




Fm. 00 ,—HorahJedde: EKtinction 12 L Au&il*^ 

liDETiCkci Aagl^, 4a". 

tion and reading the microscope stage; the stage is then 
rotated till the cleavage or edge Ia parallel with a cross- 
wire in the evepiece and therefore parallel with a nicol plane, 
and the stage reading taken again* The difference between 
the Two readings gives the extincilon-angle. 

There are variou-t positions of ex i met ion* In if might or 
parallrl t^incHon. extinction takes place when the 
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crystall^aphlc direction, cleavage, etc,, is parallel with a 
■^oss-wire. Irtclined or obhijne txtiiictiott occurs when the 
crj’stallographic direction makes an angle with the cross- 
wires in the position of cKtinction of the section. In ivm- 
nietncnl extinction the cross-wires in the positioo of extinc¬ 
tion bisect the angles between two sets of cleavap'cs or 
«fees. 

It must be noted that extinction-angles can be measured 
from the fast or slow vibration-direction in the crystal plait 
to the cross-wire, so that it is necessary to determine with 
the help of an accessory plate the character of the vibration- 
direction dealt with. I^xtmction-angleK are often of great 
dia^mostic value, and this is itlustratwl in F!g. 90 where the 
eKtmction-angles of corresponding sections of hornblende 
nnd are shown. 

In summary are now given the types of extinction charac- 
te n Stic of each ervsta! sy stern : — 

Cubic System.— AH sections jsQtropic, 

TETBSt^NAT, AMD Hexaook.m. SvsnsHS.—BssaJ sections, 
being perpendicular to the optic axis are isotropic, 
Vertical sections give straight extinction. 

OaiHoHuoMBtc SvsTEM.—Finacoldal sections give straight 
extinction. 

Momociinjc Svsi£.u.—O rthopinacoidal and basal pina- 
coidal sections give straight extinction; dinopina- 
eoidal sections, as in Fig. 90, give oblique extinct ion. 

TatrtjMt S\’5TKM. — ^Atl sections give oblique extinction. 

PolRt^isatioii CoIootb* — -S everal minerals 
show interference colours not found in Newton's Scale, such 
colours being called anomalous. For instance, the body 
colour of a mineral, for example, biotite. may be strong 
enough to mask a delicate interference colour. .Again, ir 
wme minerals, stfch as idocrasc, zoisite and chlorite, queer 
^rlin or inky blues and washed-out browns are given 
between crossed nicols. This pheaomenon depends f^da- 
mentally on dispersion and will not be considered further, 

Ploochroisio and AbBorplion ,— a miueral is said to be 
pteochroic when it shows change in quality ur quantity of 
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colour ^.-hcn rotated in polarised lig^ht^i Pleochroism is duf 
to the unequal a.bsorptiDD bv tHo mineral of U^ht vibratifTtg 
in diHerent planes, an exampIcT consider a longitudinaJ 
section of the dark mica, biolite. If die polarised light 
vibrates parallel T.vlth the cleavages^ the mineral Is a deep 
browHt and sometimes almost blach m colour; if thr 
polarised light vibrates across the cleavages^ the mineral is 
a pale yellow. Plcocholsm is best observed under the micro- 
iK^opc by fotating the polar isex and ivatching for changes of 
tint in the oiEneral under examination; the analyser, of 
course^ fs not io position^ 

In isotropic substanees, the absorption mUfil be the sanne 
In al] directions so tliat in one slice all sections of isotropic 
minerals show ihc same colour and art non-pieochroic. In 
\tmaxinl miner basal sect ions ^ since all the rays are 
Ordinary rays, show no pleocbroism, whilst vertical I sections 
may show greatest difference. The third great class of 
mineralSf biaxial mimra! 5 , may show three tints or colours 
according to the direction of the lights This pleochroisjn is 
descrsbcd by stating the colour of the light vibrating parallel 
to the vibration-axes X, Y, Z. Thus^ for some specimens 
of hornblende, the pleochnolsm is X yellow, V blue-green, 
C blue^ and the absorption X<V<:Z. 

Around minute inclusions in some mtoerals, for example 
cortfierite and biotite, small areas are more strongly 
pleochtoic than the majD part of the mineral. These pleo^ 
chrolc spots are called pleochrow halos^ and are due to 
bombardment and alteration of the host mineral by radio¬ 
active emanations from tlie inclusion. 

rhe propen\' of pleocbroism is of special value in the 
determination of gems, for which purpose us^ is made of a 
i It tie instrument called a dichroiscopc, which consists of a 
cleavage rhomb of Iceland Spar contained Jti a tube provided 
with a square aperture at one end, and a lens at the oiKct- 
On looking through the lens at a transparent crystal placed 
□ver the aperture at the other ends the observer sees tun 
images of the aperture Bide by side. One Image is formed 
by the ordinarv ray, the other by' the extraordinary ray and 
the vibrations of these are at right angles, so that in the 
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case oi a plcochrok mbera] different colours arc 


acDordlpg' to the direction m 

Convergent Liijht— So 

eKaminadon of minerals ii> 

[wlarised UghL We no’ 

Cation of convergent 1 
condenser-—is placed below the rtiicroscope 
are crossed and a hig'h-power ohjectivr uscu. 
able conditions an hiterftrencc frg:ur^^ is produced whjc 

be rendered visible 


seen^ 


vvhicli the crystal is placed^ 
far we have dealt with the 
ordinary light and parallel 
consider briefly the appli- 
converging lens systCTti—the 
nicols 


l-’ld, 91. — Uuimiol Inter Fir lire 

givcEj liy a sertinn cut perpcndicu. 
Ikr In rhe Optic Axis^. 


m 

three ways (H by insert^ 
lr$g file Bertrand lens^ (2) 
by placing a lens above 
the eyepiece and [SV 
by removing the eye- 
^ossibly\ the last 
best in prac- 

The kind of interfer¬ 
ence Bgure depends upon 
the optical character of 
the mineral, that, is, 
whether it Is unla)£ial or 
not, the position of the 
section ip the crystal 
and the type of lights 
monochromatre or not^ 
that is used. We deaJ 
here only with the more 


Rimplc cases. 


InterferetiGc Figur^ in Uniaxial Crj^tals.—We 

shall consider only the interference figure protlnced bv a 
basal section of a Liniasria] niineral, that is^ a section per¬ 
pendicular to the optic axis or ^c-axis+ Figures given hv 
otiier sections are too diSicnlt for a beginner. The con¬ 
denser throAvs a cone of tight tip into the mineral plate^. as 
shown in Fig. 

The ray sinking the plate at normal incidence travels 
along the optic axis and undergoes no double refraction; 
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rtiys obftquc to ihi 5 direction sire doubly refracted and thr 
re^ultiii^ rayst Imve a ptia&e-dLffefcncc- This phase-differ¬ 
ence is icero alon^ the optic axis and ^jradLiaUy increases 
ontw^ards from this as the rays become more inclined, 
liiere are thus produced exactly the same conditions as in 
a qiiarEz-i\edjfe bet\reen crossctl nicols^ so that we can con¬ 
sider our pi ale in convergent light to give the same result as 
a quartz-ivedge rapUiSy rotnted^ or as a shadow quartz dish 
with a doLible veedg;cd'^hapf'.d: cross-section as shown in 
cxainineiJ In plane-polarised light between crosscti 
nicols. Applying what has b^n tiald on p, 168 on thequaiii- 
wedge beiween crossed nlcols, we see I hat the interference 
figure mtisL c‘oiis[st of a scrir'i of ciiloured rings showing 
\^ei%iQirs Stale and a black cro5v^^ the two arms intersect^ 
ing at the*centre of the microscope fields 

D<*tertiiLnation of Optical Sign of Uniaxial Minerals 
by Ibe Interference Figure-"—have atready seeji that 
in a LiMiaKial mineral the extraordinary ray vibrates in the 
plane passing throogh ihe ray and the optic asis, and the 
ordinarv rav at right angles to this and Eo the optic 
Examples of the vibration-directions are shown by E and 
O in Ffg. 91, whence the generid rule, cximardim^ry my 
vibrates radiatiy, ordinary rrty T3bFa^#5 tang^riiidlly, is 
derivable* Note, in passing, that the black cross Is pro¬ 
duced when these vibration-dircctionj. are parallel to the 
vihration-planes of the nicols. 

In the uniaKtal interference figure of this klnd^ therefore, 
the vibration-dire^^tions of the extraordinary and ordinary 
rays are knnivn so that the optical sign can be delmnined 
bv tising an accessory plate. If the extraordinary ray 
rioTo. the mineml is opti^^^ly po^sitive^t. if ihe mineraJ is 
optienUy negathe fcf. p. fVd). The pnxiedure ns fol¬ 
lows :— 

t‘\) With the Jl/icfl-pkfe-—Suppose thal a alow-along mica- 
plate TS placed over a plate to which the extraordinary ray 
is slow, as shown in Fig. 92 a. The slow plate helps the 
exiraordtnury rav in the NW and SF quadrants and so the 
interference colours rise; the slow-along plate opposes io 
the NE and qiiurlrants, md for some relardiUlon com- 
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p^SAtioD is produced and two black spots appear^ one in 
the NE and one in the SW C|uadranit. Since our oiLneral 
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F|f:..aa.—DaiBrJuinatiEin of Stgn of UnmskJ Miiiflra.1. 


has the citJraordinary ray slow, it b fOJjfhre, so that the 
produ^on of two black spots across the length o£ the slow 
plate can be used as the teat. In optically ttcgaiivs minerals 








THK OFTICAI. F'RnFKRnF.S HF 175 

ihc two htack iippear along ib-e Eim^th of the slow 

piflte. 

fiij With the Gy^ium-fhier —This plate is used in the 
same way as the mica-plate. Reference to the description 
of the gypsum-plate on p. 169, slums tbiU oppositsoa gives 
a yellow tint aott help gives a blue tint. If a slow-ilong 
gypsum-plate is usedi yeUotv quadrants correspond to the 
dark spots produced by the mica-plate ^ as shown in 
Fig, gSB. 

(iii) V\^ith the a slow-along quartz- 

vi^edge and a positive mineral, in the position shown m 
Fig,. the cc'lrnir*; of the ivedge move in towardt^ l^he 

centre io the NW and SK quadrants where wedge and 
mineral help one another, and move out from the centre 
in the NE and SW quadrants where wedge and mineral are 
opposed» 

The production of a centered uniaxial interference figure 
is ao important point In mineral diagnosis with the miero- 
scopef for It Irulicates that ^hc mineral belongs to die 
tetragonal or hexagonal crystal systems. The determina¬ 
tion of the optic sign further limits the possibilities^ and, 
in some cases, the finding of the position of the c-axis^ i.e.. 
the optic axISf is of use. 

BiaxiaE M]nerijk]& — In crystals there are i^u 

(iptic a.\e^p or two directions along w'hrch there is no double 
refraction and along which light travels with a single 
velocity^ Cry^staJs belonging to the orthorhombic, mono- 
clinic and tricRnif- crystal systems are biaicial, so that our 
final classification of minerals according to their optical 
characters is:— 

Isotropic.— Cubic system. 

LT^TaxTAi-. — Tetragonal mu\ hexagonal systems. 

Biaxial. — Orthorlionibic, monoclinJc and tridlnk sy sterna- 

We have already mentioned that in biaxial minerals there 
are three principal vlbration-dtrections—X fastest, Y inter¬ 
mediate, Z slow'Est. The prsnerpoi optic planes of biaxial 
crystids are the three planes at right angles in which the 
three principal vibration-directions intersect. The ray 
vibrating parallel to X is considered to have the refractlvr 
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that parallel to V the refractive index j 3 , and that 
paraUel to Z the refractive index We tnay cartstroct a 
triaxlal elllp^ciitl which has its three axes proportional to 
4 , ^ and y^ This ellipsoid 15 caUed Uic iiidicatrij; and is 
shown ill Fig. 91i. The pr^>perliea of the iadicatrix are 
heynnci the scope ot (his bcKik and the in<licaLriK Is used 
here for making dehniltottsp Exiaminaiirin of (he indicatrlx 


shows that thtfc are only two circular sections, these being 
symmetrically placed^ and their radius Is the Intermediate re¬ 
fractive index 0, A cross-section of the indlcatrix represents 
the refractive indices of the rays that vibrate in the plane of 
the sect ton and advance along a line perpendicular to this 
plane. It is seen* therefore, that the circular sections are some¬ 
thing like the section of a uniaxial mineral perpendicular to 
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caatw^ X^^L^ M t fyi. 
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the optic a3ei^5. so thai the perpendicutarii to the circLifar sec¬ 
tions ^e chilled the o^fir axEs^ the p1«lne caotaSTiili-g ih^ 
optic AKes [and therefore the vibratiots directions X and Z} 
IS the optic nAidi plane, and \\ normal to this plane, is the 
optic fii?riiiciL 

The position of the optic axes jn different crystals depends 
upon the relative values of 0 and y. Th^ ang^lc between 
the optic axes is called tl^e optic a.viai The vibration- 

directions X and Z each bisect the acute or obtuse angle 
between the optic axes. Ttie vlbration'dircction in the 
ncale an§-le is called the ffciifif bisectrix that In the obtuse 
angle mi the ohtu5e bisectrix. By analogy with uniaxial 



Fig. iM.—BiaxtaJ InrerferencB Figure, parpendittiJar » 
Aciitfi SisEctrixp in A, tba Dptli: axial |jlang ii poraUd 
to niEQt plancj and in D is at 45* to this plXfiE. 


minerals (which» after all, may be considered as a special 
case of biaxial crystals In which two of the tltreo main re¬ 
fractive indices of the latter are equal} the optical sign of 
biaxial minerals is defined as follows: — 

^-VTien Zp jIow vihration-direction, is tJie flcufe bisectrix* 
minersl is optccally poiihtte. 

WTieo X, fast vibration-direction, is the bisectrix, 

mineral Is opticaUv ne^afiTe, 

Interference Figtiretii itt Biaxial Minerals.— Inlerfer- 
ence figures given by tw^o sections of biaxial minerals are 
briefly considered h-r*. These sections are {1} perpendicil- 



KLEMKMis OF MIN EHAl .S>GV 


hit Eli lIii? kli lifit btJ^crEris and (2} perpendicular Eu ;in optic 
4xi£k. 

(1) Th« /ritLtr]fereriCi! 5y a scEtion pirperi- 

dicidar to the acuU bisectrix .— In this section the two optic 
axes emerg^ei The intErference figure shows a series *i 
coloured ovals arranged aboul two centres or eyes> the 
points of crticrg;ence of the optic axes, and joining up intiiji 
larger ovals with dimpled side* farther from these centres. 
These coloured ovals correspond to the coloured rings seen 
ID interference figures of uniaxial mineraJs and are due to the 
same causes. In addition to the coloured ovals, the biaxial 
interference figure shows dark brushes, or isogyres. The 
behaviour of these as the stage is rotated is imporiant- 
When tilt line joining I he eyes of the figure is parallel to 
one of the nicol planes the brushes form a cross, one ann 
joining the eyes and Lfig other being perpendicular to this 
midway between flic eyes. When the stage is rotated 45' 
so that the line joining the eyes lies say NW and SE, the 
black cross separates into two h yperholae^ one passing through 
each eye. The biaxial interference figure in the two posi¬ 
tions is shown diagram mat icaliy in Fig. 94- 

The eyes mark the points of emergence of the optic axes : 
the nearer the eyes are tugether the smaller is the opHr 
iixial angle. The line joining the eyes Is the trace of the 
op(ic axioJ plane. The acute bisectrix emerges midway 
between the two eyes and the opfic rioriNuI is at right 
angles to i\%t optic axial plane* 

(it) Thr luttirfcTencc Figure giv*n by u section perpen^ 
dicular io on O^fic i4.xi:f. — ^This figure shows one isogyre or 
dark bar which crosses a series of nearly circular coloured 
bands. ITic isogyre is straight when parallel to a nioo! 
plane but enrved in an intermediate position, the convex 
side of thr curve being towards the position of the acute 
bisectrix. This section is an important one in the deter¬ 
mination of the Optical sign; it is given by sections showing 
[he lowest polarisation oolnurs- 

Determinniion of the Optical Sign of Biaxial 
Mineral from the Interference Figure,— Only two 
methods of performing this opera Leo ti are gi%^en in this 
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Ijuijk ; ijLlii^r jai>(;^|]ii>ct±s :irtt li^ Ik;: I'utLiiil \ii the Enr^er 
Ixjoks- 

(1) /pi a to ih£ actJl« bisectnjc.- 

J'htr interference fig;uru ts observed in the □rdinai'y way, and 
the $ta^e rotated till the optic axial plane is in the 4h' 
pofiition. Convergent Hgln is removed aricl the mineral 
plate viewed in parallel polarised light between crossed 
riiooli. The fa&i or slow character of the vibrations parallel 
either with the optic normal or the trace of the optic a?dal 
plariL'is dcLcntnncfl in l3ii' iisuiil w^iy whfi lui ncire.^st.iry ]ilal,e 
Snpp( 3 ?,r: ihe vibrations parallel lo the optic normal lire 

foLinil to be sltiw; In ihe tratre ui the optic axial plane 

tire there fort: I’hsI— bin lliis is the directifin of the oblu?H.‘ 
bisis:^tri ^4 fhai ihe iiejde h/jterfrpv is slow iind ihe nilneml 
is positive. 

(ii) fn a rechoa ^£r^j?ndiciijar an i^plic ci.vtj.—^I t is 
Huflicient for us lo give the mie without eKplanatlon^ The 
figure is placed in the 45" position, and a slqw-along gypsum- 
plate inserted along the optic axial plane. For a positive 
mineral^ a yellow colour appiear^ on the cota^ex side of the 
brush, and a hhif colour on the faiiCdt'ir side. 

Thm SectionB of Rocks and 9^11 tieral&,— For the 
exaininntloa of rocks and minerals under the microscope 

thin slices or sections are required. A chip of the rock is 

ground perfectly flat on one side, with emery or carboruii- 
fliiEU fhiwder on a nr metal plate. The grindin^^ is 

liegun with a roarse p«.iw fler, and coni limed with ficer 
l>iAuli‘r^ until a perli'Clly smooth Hat surface ih obtained. 
Ill transfer ring iht- chip from otic grinding plate to a fmer. 
It is Liecessjiry to wsish the chip free Irom vinery ^ or oilier- 
wLse the grades of grinding powder became mixed on the 
plates. A glass slip (3m. x lin.) is lakerij and a sniail 
amount of Canada balsam put in its centre and heaied 
gently until sufficient turpentine or xylol has been driven 
off to cause the baUam to become hard and compact when 
cool. The correct moment to cease heating the balsam is 
Judged by taking up a small quantity on forceps, and^ by 
opening the Nin-L-jjs^ c^iiihlng a bridge it thread ol brUsam to 
he fr^rnuxl. If the balsam has been sulfidenlly hcjiud, this 
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brltl^c ^viil l)e harti aiKl briltJc ^vhun couL 11 h.^ chip 
rock 15 then placed on the slip with the flattened side in con¬ 
tact with the baL^ani and ^tass. By pressing die chip air 
bubbles aj-e rcnioved from the film of balsam be I ween the 
chip and glass. When cool. The chip wiU be firmly ceniented 
to the glass slip. The next operation consists in grinding 
down I he thick chip as In the first process^ beginning with 
the coarse aiid ending with the finest pow^der. Great care 
is necessary during ibc final stages, or the rock will be 
Lompletely rubbed away. The thickness of the slice can be 
judged by die polar]on colours given by some recogois- 
able mineral, such as quartz^ and grinding must be continued 
unli] ihis mineral shows its usual polarisation colours — for 
quartz, grey and yellow of the first order. After the final 
grinding, the section is oirefully washc^d, and all retnainiidg 
balsam scraped from around the rock. The slice is then 
covered with fresh baisam and heated again to a slightly 
le^ss extent than before. When the balsam \s of the right 
Consistency, a very thin sheet of glass — the cover-slip—is 
carefulJy placed over the rock and pressed down so that 
no ftir bubbles are present* .Any balsam round ihe cover- 
slip is removed by methylated spirit. The result of these 
operaUDns \s what is koo^vn as a thio section qr a thin slice 
of die rock or mineral. 

The above process requires much patience ancl skill for 
good results to be obtained, but in the field some amount of 
information concerning rocks can be obtained by rubbing 
down the chip on a grindstone and using a w'hefstone, car¬ 
borundum file, or Water of Ayr stone^ for the final grind¬ 
ing. By these and other methods which will suggest them¬ 
selves TO the practical roan there arc obtained slices which, 
though thick and uneven, are yet capable of yielding in¬ 
formation when examined by a ptxzket lens. 

Synopssis of the Exatnittation of Minerals tfoder 
the Petrographtc Microscope. —The examination of 
minerals in thiri section udder the microscope consists of 
four groups of operations, namely, those carrieU out by 
using (i) ordinary light, (2) polarised light, (3) crossed 
nicols, (41 convergent light. 


I hi: ••i’ticai rnrii'rRi te.s of minerals iSj 

(1> OfidiNAicY Licht, —In order to examine thin s^cLiOil^ 
of rtiLjierals in ordlnarv tight, both polarj&er and analyistr 
arc removed. The folio wing; properties cao be observed : — 

^a) Crystatliue Form .—Accurate conclusions as to tbe 
rry stall trie form tA a mineral can only arrived at alter 
the olwervafhin uE a larj^e n Lint be r ■si?^ seL titKis; id' the m inenib 
but sometimits tbrns uhservations arc significant. Thus, 
nephclinc is a hcKagonal mineral, and in thin sectLon^ often 
appears as hexagonal ci^oss^i^ectiops and rectangular longi¬ 
tudinal set! dons. 

{Ill ('hii’page (p. ^2 ).—Cleavage appears in ihjn sections 
as one or more sets o-f parallel cracks, "|"he number of 
deavage-cracks, die nutnber of sets of cleavages and their 
inclination one tq another depend on the direction in which 
the section is cutn "Phus the prismatic cleavage of horn- 
bleridtr appears in transverse sectidns as two sets of lines 
meeting at angles approximately 120whereas longitudinal 
sihctisms show only nnc set of cleavage-cracks (-Fig- 115). 

(c) — In some minerals included tnaterial is 
arranged on a definite plan, and serves as a useful diagnos^ 
lie character. In Jeucite^ mclusions occur in concentric 
and radi^tl patterns (see Fig, ll^O, p. ^J. The well-known 
cross-shaped inclusions in chiastollte arc another example. 

(d) Transparency. — Most rock-forming minerals are 
transparent in ihin section; some few* such as mag-netite and 
pyrite, are opaque^ 

(e) Cofour. — In section a mineral may be colourlesSt as 
with quaru, or coloured, as with biotlte^ and in most cases 
ihe colour Is disdnrilve of a given mineral. Sections of one 
mineral may show' several colours, or shades of the same 
colour^ owing to \xs being a ptcochrolc mineral which has 
been cot in several different cry^stallographic directions In 
tJic same slice, 

U) Kefraciivi-' index [p. — A mineral of a relractivc 

index markedly different from that of the med'ium in whlph 
jt la mounted has w^ell-msrked borderany clcavage^acks it 
possesses are boldly shown, and Its surface exhibits a pitted 
nr ^^hagreenod nppeairanct:. The rcTalive rcfractivi^ indices 
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ol iVi'o o]iiiiiriil5 or of a mineral and thu' iiiomit are judged 
by the Beck« effect or the Shadow met hod. 

(2) PoLAMiSED Lichi .—!□ order to eirajnine ihin sectidtiii 
in polarised iiglitj the tower oiix»l or polariser 1 a put into 
pEace beiwcoD the Qurror and the sta^. The following 
may be observed ;— 

{a} J'iftjrhj’o/im \p. l7Vi.—Pleodiroic luinerais shew n 
change in the quantity or quality of ibcir colour, this change 
depending upon the direction followed by the polarised ligin 
as it Lraverses the mmeraL Pleochroism is observed by 
rotating the polariser- It is retnembered tliai the light 
leaving the pKilariser vibrates parailci to the short ajLis of 
this, 50 tliat it U possible to relate a eoloiir with a vlbraLion^ 
dlrri tion in dnj: crystal, as explained on p- ITo. 

[bj Pli-ochtiytc H{ilos (p. ITO)-—i he presence v\ plcochmii' 
haios—small spots more strongly pleochroic than the main 
part of the mineral—may be observed by rotating the lower 
nico]. They Qrc characteristic of certain minerals. 

(c) 'ihLiinfcftfig^—The phenomenon of twinkling is well 
seen in calcitc. In calcite the refractive index for the ordin¬ 
ary ray is l for the extraordinary ray The refrac¬ 

tive index of balsam is t b4. If a granular mosaic ot 
cakUe ia examined in polarised lighit it Is obvious Uiat some 
grains will transmit the ordinAry ray and some the estra- 
unlinary ray. Those grains transmitting the ordinary ray 
have a refractive index iniich greaicr than that of bali^am, 
and tlierefore their borders wiU be wsH marked; those 
grains transmitting the extraordinary ray have a refractive 
index a Tittle tower than that of balsam^ and their borders 
will not be so strongly markctL Ffence, when the polariser 
is rotated beneath the slice of calcite^ certain grains have 
attematety strongly marked and slightly marked borders, 
and a iwinkUng effect is noticed. 

(3) CROSsiiD Nicons.—For the examination of minerals 
between crossed nicols both polariser and analyser are in¬ 
serted, and the niools are so arranged that their vibration- 
planes arc at right angles to one another^ or are cy^ssid. 

(a) Isotropis^n. mid -All sections of (jio- 

tropic transparent minerals are black between crossed nicols. 
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Such mmerals betong to the Cubic System. Minerals of the 
other crystal systems are amsotrDpic, but it must be re¬ 
member^ that basal sections of uniaxial minerals are black 
between crossed nicols. 

Ih) E^rtfnthVnj uiJtJ Pnhirisalimi Cnhmn [p. 172).— When 
a section, other than a basal section of a unialci^l1 minera!. Is 
examined bcrivccn nicols it becomes black or is 
In four positions 9D" apart duringr one rotation. EstlncHon 
may occur parallel to a crystal ctigCn or to a prominent 
cleavage, and then the crystal shows sfruigld e.xlinctiott 
with respect to that particular crystallographk direction. 
Extuictjofi may occur when ihe parti cub r crystallographic 
direct ion makes an angle with ihc cross-wires. This is 
dbli^Eis riKiinciwn, and the angle made between the crystal- 
fograpliic direction and the cnMi?i-t%ures—ihc nwgiff of 
c.rloicJfPOFT—is of Jiagnostic value. 

In fHffliUons intermediate beiiveen the posifpons of extinc¬ 
tion the mineral shows potarisation cofoarj. The polarisa¬ 
tion colour Bhowm by a section of a mineral depends upon 
the thickness of the slicep the direction of the slice in the 
crystal and the character of the mineral. In uniaxial 
minerals, the maximum polansalion colours are shown in 
HCctEon parallel to the optic axis or crysiaUogrfiphic c. 

(1 ) Twifiiimg fp. 121V.—Twinning c-an he best seen be- 
Ewcen crossetl nicols. The two halves of the twin^ or the 
two sets of twin lamellaL^ give different polarisation colours 
and cKting-uish at different angles. Plagioclasc felspar is 
usually twinnedp and between crossed nicols an apparently 
homogeneous crystal shows two sets of twin lamellae, each 
set extinguishing in a dilferent position from that of the 
other. 

(d) .4iitfruttow.—Alteration can he observed in ordinaiy 
lightt but its nature is best seen between crossed nicols. 
An altered mmcral is usually turbid or doudyp and alEera- 
tion products may be developed along cleavages, cracks 
or otherwise. BetAveen crossed nicols. altered mineral.^ 
tisualLv show pofnrijflliowi because the originally 

hamogenirnus crystal has been converted by alteration into 
a multi tilde of irregularly arranged crystals of the alteration 
product. 
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(o| hiijn^iiUori (p, 170)-—'Some occur afi clungatetf 

cn-stais. The sign of elongaltDri can be determined bv pro¬ 
ducing compen^tion with a <(uartz-wedge with the mineral 
in the 45* position between crossed nicols. ]f the vnhrations 
along the dongatJurt-direclifsn are sloW| the m^eral is said 
to have posiirvc elongation, if fast, negati^'e elongation, 
(4) Convilrgent LtGUT,—I'or the prodLLction of inter¬ 
ference figuresp tJie condenser is inserted below the slage^ 
the nicols are crossed^ and either the Bertrand lens put into 
pKDsitJon Or the eyepiece is removed. 

fa) hih tfer^'tur Tigiirej fpp. J7«i, l&lb—t rv^tals belong¬ 
ing to the I etragonai and Hexagonal crystal systems give a 
urii^.tidi inlafferej^ce figure. The most suhahle figure'i5given 
by basal sections perpcndiciilar U) the optic aKis or the c-axis, 
and consists of a black cross and a series of coloured rings. 
Crystals of the Orthorhombic^ Monocllnic and TricHnic sys- 
Lemi^gtvc a bsaxinl mterf^r^nce Sections perpendicu¬ 

lar to the acute bisectrix show a figure consisting of black 
brushes an<l a series of coloured ovals arranged about tivo 
eyes^ ihe points of emergence of the optic anes. When the 
optic axial plane is parallel To a nicol plane, the brushes 
forni a rross. When the stage is rotated, this cross breaks 
up into two hyperbola, one passing through each eve. Sections 
of biaxial minerals perpendicular to an opiic axis show a 
series of coloured ovak traversed by a single brush. 

(h) Deifermi/jutinn of the Optical .S’Egn.—In iinia.tifif 
minerals the optical sign is deter mined from the centred 
interference figure by using an accessory plate. Remember 
that the extraordinary ray vibrates radially and the ordinary 
ray tangentially. If the extraordinary ray is determined by 
the quam-wedge, etc., to be slow, the mineral Js optically 
positive. In a posiitive mineral using a ylow mica-plate, two 
black dots arc formed across the length of the slow plate; 
with a slow gipsum-platc, ydlo^v spots replactj these black- 
dots; with a slow quartz-wedge the Colours move in in the 
quadrant^ along the length of the wei%e. Jn fejflAioi 
mmeraJs, when 2, slow vibration-direction, is the acute 
bisectrix, the mineral is optically positive. In a section per¬ 
pendicular to the acute bisectrix, the optic axial plane fom- 
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ing tlie t'vo eyes Is placed in the 4b* position, converpent 
removetl, and the slow or fast character of the vibra¬ 
tions in the trace of the optic axial plane determined by an 
accessory plate, [f these vibrations are fast, then the acute 
biscttriit is slow and the mineral is optically positive. In 
sections perpendicular to an optic axis, the interference 
fig^ure is placed In the 45* position and a slow pypsum-plate 
insertcnl alonp the trace of the optic axial plane- For a 
positive mineral, a yellow colour appears on the convex 
sific of the brush and" a blue colour on the concave side. 

The Microscopic Investigation of Ore-Minerals.-- 
The investigation of opaque minerals, such as the ore- 
minerals, has become an important branch of mlncraloglcal 
study. The problems of ore-deposl|ion, order of crystallisa¬ 
tion of ores In a mineral vein, the replacement of orc- 
mlncrals. and allied phenomena are of great importance in 
economic mineralogy. The discussion of this subject is 
beyond the scope of this book, and only a fira' remarks are 
given here, mainly to indicate the possihilitics of this study. 

The Metallographic Microscope. Opnqm- minerals 
are exatnlnod with a microscope fitted with a ucriicu/ 
idimiiriiilcir, placed immediately above the objective lens of 
the ordinary petrological microscope, in the vertical 
illuminator there is a glass disc—like a cover-glass-—or a 
prism, by means of which light is thrown down on to the 
surface of the opaque mineral and is reflected therefrom back 
through the objective, through the glass plate or behind the 
prism of the vertical illuminator, and so reaches the eye¬ 
piece and is observed by the eye. 

The PaUihed 5pi?cinien.—The ore to be examined is 
ground flat and smoothed in the ordinary way, and a final 
polish put upon It by robbing it upon a lap sprinkled with a 
fire polishing powder such as rouge, magnesia or chromium 
oxide. The polished specimen is then mounted on 8 glass 
slip with its poliisited surface parallel to the surface of the 
slip, the mounting being done with some kind of wax. 

Exit mi rial ion of the PoVsshtd Specimen .—The Fspecimen is 
exarnined in various ways. By ordinary tight the colours 
and often the mutual relations of the different minerals com- 
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posing the ord can be •ubscrvx'd. By using- polarised [ighi, 
minerals of the Cublr ^Systefni can be distinguished from 
tho55e belonging to odier systems. Hardness tests may be 
applied by scratching with a weighted needle and observ¬ 
ing the results. Tlic polished surface may be subjected to 
etching by various acids and the results studied. 

:V/icroch^micof Tests .—A senes nf micrcxrhcniicaj tests 
may be used lo iflentifvi or to confirm the Identification of, 
the various mlneraig discovered in the esLaminatlun of the 
polished spedmien by the means already outlined. A minute 
portion ot‘ each cnnstltuetit of the ore sample is scraped ofi 
^ind placed upon an ordinary glass-f.lip. ^I hcse tiny samples 
are then suhjerted to the usual chemicaJ tests^ Their re¬ 
actions to various reftgents are studied under the microscope 
and from the crystaillne form* colour and general character 
of the crystal]isatlon or precipitates produced during the 
reactions the nature of the ore-minerals present can be 
tieterminedr Microchemical tests are also employed in the 
discrimination of certain minerals^ such as calcite and 
dolomitep as esplained on p. 3^4- 

Further h^formali^n. —A comprehensive account of the 
Erxammatian of opaque minerals Ls to be found in tlie Micro- 
Tcopj'c Deierminaiitm of the Ore Mineralsf Btinetrn of tlie 
United Slates flrdlogicfll Survey, Number 025, by N, 
Shdrlr 
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Ml a uccrukEKt ti ok minerals. 

INTMODUCrrON. 

Tn this cJiaptcr there k an Dutline of the various 

modes o\ occurrence of fnincraJs in the earth's crusty the 
chief purpose of this Dutline Being- admittedly to explain 
certain terms used in the description of minerals in the 
second part of the book. 

The indivIduaJ portions of the earth's crust, the rocks, 
are conipQsed of one or more minerals mi^ed together ^ and 
we have to consider here the characters, classification an<l 
iKKurrence of rocks. A brief account of the common rock- 
typts is given, and mention made of features of importance 
in ecQpoitiiC mineralogy: thk is followed by a summary of 
the characters of mineral depiosits. 

THE CLASSIFICATION OF ROCKS 
kucks are usually divided into Ihrcj great groups ;— 
fgnrous Rocks* —‘ITidsc that have consolidated froin a 
state of fusion. 

ri^ciry Rotkj.—Those prorlticed by the breaking-up 
of pre-existing rocks, and ihe deposition of this 
material. 

Afefiimorphia Rocks .—Those produced from pre-existing 
rocks by the action of high temperatures and pres¬ 
sures upon them, 

L IGNEOUS ROCKS. 

Within the earth at some unknown distance there exisl 
or arise bodies of molten mate Hal, molten rock substance, 
which is called in general magma, llnder certain condi- 
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lions this ma^ma Ls forced hi^httr info ih^- crusL and so 
penetrates and Invades rocks of all kinds, tr may stop 
before it reaches the surface, cto] and soiidify—the result¬ 
ing: rocks are rorkj^ and since this type of igr^eous 

rock invades ttie surrounding- rocks, or cowntry-rocks as 
they arc convensently called, it Is styled mfrujtt-c, and 
further, since it consolidates below the surface, it is also 
called frluionic^ Some of the maf^ma, however, may reach the 
surface of the earth and be poured out or blown out upon 
at—thesc igneous rocks are culled ejcfruinre or ■poJeuMic. 
The two g'reat divisions of the i^cous rocks are thus xn- 
frujix'e and rar/rusiVe- 

FomiB of I^COU^ Rockfip—The extrusive rocks m^y 
form lava^fiaws^ or the eictrasive material may he blown to 
pieces and fall around the volcano to form bed& of pyrct- 
riastic rack. Tntnisive igneous rocks aIidw a rarletj of 
more or loss distinct forma. Dykes result from the forcing 
apart hy the majgma of tnore or less vert teal fissures^ so that 
the resultant igneous rock has a wall-like form, and appears 
at the surface as a thin bend of rock often traceable over 
^reac distances. Dykes occtipy cracks resulting- from ten¬ 
sions actiu|> tangfentially to the surface of the crust, and often 
occur in a group or jwearm of more or less parallel mum- 
lierf^- .Sr7/jr or anf rriiSriT sfa-cis result from the solidification 
of magma forced between more or less horizontal planes, 
and give evidence of radial pressure. A dyke may become 
a silk or a sill a dyke+ A hccolilk is formed by the con¬ 
solidation of a low hattish dome of magma which has a fiat 
ilocf and an arched roof, ami may be considered ns due to 
the swelling of a sheet. The floor cannot be ctepre 5 sc<l on 
the accession of Tnore magma, and so relief is attained by 
forcing- the roof upwards. Baf/rofithj arc igneous bodies 
usually of great dimeosioos (hat cut across earlieir structures 
in the country-rocks, and whose plan increases in area with 
depth. They are usually of great dEmensioiTR^ the terms 
stacks and hosses being applied to those of smaller size* 
jVeefes, plii^s and pipts am approximately cylindrical con- 
dai(^ filled with igneous or pyroclastic material. 
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Nature of the Ma^nta. —The composition, both 
mifteralogficaJ and chemical of the igneous rock □bvioix^lv 
depends on the composition of the itia^ma whose coriisolida- 
Lion gave rise lo It. ^tagmas cooslst of two parts— f|) uon- 
irolatilc components, with fusion-pomts of iOOO*C. or over, 
ajid (2) componenls of a highly volatile cliaracter. Many 
thousands of Igneous rocks have been analysed, and the 
possible variation in their compositions may be roughly 
expressed as foLlotvs :— 


SiO^ 

AI.O. . 

FeO and 

. 

CaO . 

Na,0 . 

K,6 . 

1 he flominanj i:onipfFneni| of 
liie tether six oxides combine 


... 

. 0-25% 

. 0 - 20 % 

0-45% 

... 0-20% 

... 0-10% 

0^\2% 

the iiiagnia 1$ silica, ; 

witJi the i^ilicii to form the 


very importans group of minerals known as the ruefe- 
/nrwurtg siliiiates. In natur^il magmas thert; are cenain 
reslrtirtions in tfic iC|uontities of iIil'se oxides as con¬ 
st! JuftiitSi. it IS generally true that high rimlent of silica, 
almnina and alkalies is accompanied liy low lime, mag¬ 
nesia and tron-nxide; and high lime, magticsia and imn- 
Dxide is characteristic of ntagmus with loiv silica and law or 
moderate alumina and alkalies. The xipproxtmate composi¬ 
tion of a magma may be expressed in terms of the oxides 
listed above, and these oxides arc componenis of the non¬ 
volatile portion of the magma The volatile constituents 
are present in magma only in rm^ll amnunts but, as shovim 
below, under certain circumstances they mav become con¬ 
centrated during the solidrftcation and then give rise to 
phenomena of great importance in the formation of ore^ 
deposits* 


Crystallisation of the Maama. -On cooling, the con¬ 
stituents of the iTiagn\a unite ta form the ruci?-/ni-tjdiig 
silt cates. Often there is an excess nf silica over that 
rtfpiired lo form the silicates, and this appears as rhe 
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mineral! quartz in iht igneous rock. The most important 
and characteristic of the minctals of igneous rocks are t -— 
SiOj. 

Felspar Gfoap* 

Orthodaifcp KA]S’ir,t>g. 

PtagioclasCt 

Albitc, MaAlSip^. 

AnorlhitCp L’tiALSijjO,|* 

Fetspaihoid Gr^up^ 

NeplvdinCp NaAlSiO^. 

Lti ncite, KJk I 
•Uicrt fTroup. 

MiiscovitLVp KA],(A3Si,|ti^,(OH),. 
iJiiitUe, K[ML<,Fe)^(A]Si,K>,,(Ofl],. 

{ilii-ijie, [MgpFe)^SiO^. 

PvroAene Group, 

Enfilsititc-hypcTsthtne St:rleST (M^^FeiSiO^. 
complt^is- Kilicale of M|^,FepCa,AI. 
liorithhnd^r complex slltcale of Mg'^Ft%Ca,Al. 
frori-ore^- 

Alngnciite, 
ilmenitep FeO,TiOj. 

The kinds of minerals of Skny given igneous rock dejjfinrt 
on the bulk compositioti of the magma. If the magma ts 
rich In alkalies^ silica and alumina* the to’merals feSspatt 
quartz and muscovite are likely lo be formed; if the magma 
is low ill silica but high in alkalies and alumina^ the 
felspatboids may be expected; iu a magma rich in lime, 
magnesia and iron, fcrromagnesian min era! s,^ those rich In 
iron and magnesiaj will crystallise out. 

The Textures of Igneous Rocks, —The relative sizes 
of the component mineral grains and the relations of these 
to each other give the tcxhire □£ rocks. The texture of 
Igneous rocks depends in a general way upon the manner 
of cooling of the magma. During jfcnu cooling, the atoms 
have time to arrange themselves and so to produce large 
crystals; more rapid coaling gives rise to many centres of 
{uvstallisation and smdltfr crystalg result; still more rapid 
cooling products a dense iinevgrained rock, whilst with 
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v^ry rapid cooling no time is ^Jloivecl ior the ^tuuks to 

ari-acige LhemBclves into the space-lfittice of crystalSp g/a-ts 
results. Jo this iva}% cffarsc-gtained, fin^-gymned. den^f. 
glassy igu^QUS T^cks are formed. 

Twq other textures may be noted, firsts ei^^H-grain^d 
icxture in wbicli the grains arc approKlmatcly of the saine 
size andp second^ ptirphyriiic texture^ in which the com- 
pKjnents are of two sizes, large crystals called pht^nucrysls 
lying: in a hncr-^raiiied hase^ (her griJHniirtiASj. 

Texture thus depends on the cooling-history of ihe 
Intrusive rock* have ustitilJy cooled slowly su that 
they are In general coarSie-grained; extrusive roeks^ poured 
ou( on the surface* are rapidly chilled so Uiat in general 
they are fine in grain or even glassy. 

In inirusive the texture depends broadly upon the 

size of the igneous bodyr but in any one body the texture 
often varies from a fine-grained* more quickly cooled, mar¬ 
ginal type to a coarse-grained, slowly cooled, interior type, 
The recognition of the fine-grained margins — the cfiiJIed 
edges — 15 Important in delcrmioing the mutual age-relations 
of a series of igtitou^ rocks. In the extrusive rocks, iJiick 
lava lloivs may have coarse centres. Furtherp in these 
rocks, the gases present in the magma expand on the re¬ 
lease of pressure consequcm on extrusion and give almond- 
shaped gas cavities or vesicles, the resulting texture being 
called vesicular; often the vehicles are filled with later- 
formed minerals, so producing amygdu/er and oniygdaioidal 
texlure. 

Porphyritic texture occupies an intermediate position; the^ 
formaticpfl of large crystals, the phenocrysts, under condi¬ 
tions of slow cooling was follow^ed by more rapid cooling 
during which the finer-grained groundmass consolidated. 

Sei^uence of Ev«ntpis in the CanBolidatJon of lh« 
Magma.— We have seen that the magma is composed ol 
non-volatilc and volatile constituents. When with falling 
temperature the magma begins to crystaUise the non-volatile 
constituents come out to form the rock-formiug minerals, 
j^ificates mostly, characteristic of the usual igneous rocks: 
this stage is called the orihotnagmAlic* The separation of 
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ihie ciufi-volatile constituents loads to a coucentration of tJie 
volatile com pone Ji is, with the result that the residual por¬ 
tions of the ma^ma arc rich itt duxes, various ^ases and 
vapours. The liquid part of tlie resklual ma£;oia fortns the 
pegmaiitic singe, and the gaseous part the pneumalolytk 
stn.gi^. The final CrOnsolidatiDn of the magma takes place 
from the last hot water-riph solutions and provides the 
liydrot/iermaf siags^ Various types of ore-deposits are 
associated with fhese various stag^ of consolidation 

Classification of the Igneous Roeka^— A broad rlnssi- 
licaiinn of ignenus rocks can be made by paying attention 
to two factors ;— 

(1| The amounts and kinds of the constituent minerals, 
these depending upon the composition of the magma. 

(2/ The kind of text me, this depending upon the cQotEng- 
liistorj^ of the magma. 

<)□ the basis o' the silica-p^rcffnlnge, the igneous rock!& 
can be divided into uctd rtxkfi w-itb more Lhan :iboiit t5b% 
rnhriTiediaie with t^clween about m% and r)2% -SiOj, banic 
ivitb between about b2% and and iLilniba-^ic wit It 

less than abuut 45% SiO^* 

On the basis of the actual minerals that make tiie igneous 
rocks we can classify them into the following groups :_ 

A* Those "ofitip anJ Felspar. 

AA* QuartsdamitLant ortho€lase±mica: 

Granite, coarse-grained^ mosdy deep^eated or 
plutonic. 

Q fia rft^-parphy ry, Qua rU-f ehke, porphy rit ic. 

« mostly in dykes or hypabyssaj^ 

BhyoUie, fine-grained, often wrth flow-structure, 
mostly exirusiv^e. 

Obsidian, Fitekstone, glassy, mostly extrusive. 

[Pegmatite, coarse-grained, and apiit^, fine- 
grained, quartz-felspar rocks formed by tfie 
consolidaiJoti of the last portion of the 
magma.] 

A.2. Quartz + domirmnt plagiodase -t mka ± horti- 
filend'e^ 

f^ranodiorife, coarse-grained, plutonic. 
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Granodioriie-pQrfiiLyry, poiphyrltic, mostly in 
dykes. 

Dacite, fine-grained, mostly extrusive. 

Obsidian, ffifctisione^ glassy. 

B- Thoi£ with dommant Felspur, uo quartis^ 

B,l. £>iJ mi rid ri^ aihali-fHspar {orthodase or sodic 
pla^ocUKSe)±mka±kornbhfide. 

Sysniie, coarse-grained, piutonic, 

SyenitE^parphyry, porphyritic, mostly tn dykes, 

Triicjfiyitf* finc-^rabcdp mostly extrusive. 

PitcUslonE, glassy. 

B.2. iul^i^niejiiiiit p}agiacias€ ± 

mica ± hornblende. 

Diorite, coar.se-grained, plutonic. 

Diorite^orphyriu, porphyritic, mostly in dykes, 
fine-grained, mostly extrusive, 

Pitchsforte, glassy, 

Hr3. Dominojit rufcic p^agfociajfi + ^yrox^iifiio^iin'uf. 

GisbbrOt coarse-grained; nonie {plagioclaseH- 
hyperstheue), coarse-grained. 

Dolerite^ fine-grained^ in dykes and sills. 

fine-grained, often partly glassy; dykes, 
sills I lava-ftows. 

Tmihytyte, glassy, margins to small intrusions, 
B-4^ und Frfspaffioidx. 

SepheUne- and leudte-syemUs, coarse-grained. 

Phouoiiie, fine-grained* dykes^ sills or flows : of 
Syenite composition, 

Nepheline^ and fine-grained. 

C- Those tuff ft dontinan^ Perromagmfjran minerals. 

RcKrks composed dominantly of olivine (d unite, 
pendo/ifejT pyroxene (/^yroA'^nifi) or horn¬ 
blende [hornbUfidite) or mlKlures of these 
three minerals. 

The PyTOclastii: Rock^— As already noted, the violence 
of the volcanic eruption may blow the magma to pieces* 
and* in this process, disrupt ahio portions of the adjaotnt 
country-rocks. The resulting mixed fragmenis fall either 
around the vokfinic orUicet or are dispersed over larger 
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ajre^s w^hfirc Uiey maj take their place in other deposits 
being Laid down aL that time. The chief types of these pyr^j^ 
clastic deposits are coarsely fragmciital racks such rs, 
ii^glomeraie, and finer-grained material such as tufj and 
iuh^ 

II. S^KDIMENTAkV HOCKS 

Origin^ —Sedimentary rucks are derived from pre-eitist- 
mg sedimentary^ igneous or mctamorplilo rock*. These 
earlier rocks arc hraken dawn hy the ageni> o! i^eokigical 
denudalii.m—rain, wind, ice^ river or sea action. The 
material tints provided Is in most cases moved from ils 
place of origin am] deposited elsewhere, the transport being 
performed either as solid particles or as solutions. In 
additionp sedimentary rocks are produced by the accumula¬ 
tion of niatert.il of organic origin. 

The sedimentary rocks arc usually laid down in layers, 
one on top of the other, which differ to a more nr less 
welhniarked ■degree in composition p grain-si^ep colour 
or some other property. Such layers are called beds or 
strata. The separation-planes betwe^^n the beds are 
bedding-planes^ and the whole set of beds sheuvs sfraiifkti- 
tion. A group of beds is called a /orwirtfion. 

The consotidatjon of the original fragmentary material ii 
brought about either liy ufelding by pressure due to the 
weight of overlying beds, or hy cementation \vhereby the 
constituent fragment.^ are cemented together by the deposi¬ 
tion between them of a binding niateria] such as calcium 
p^arbonatCj silica or ir-onHoicides, 

Classification of Sedimentary Rocks.— Three cla^se^ 

of sedimentary rockti can be made on the basi& of origin_ 

tJ) mechauicalty-formed, (2) chemically-formcd^ (3) organic- 
ally-formed, 

I, Mech^NICALLV-FOHMED SEPjyE.\TAHT RoGK-S, — This 
class of sedimentary rocks is formed oF fragments of pre- 
eiclsting rocks which have been transported into tbeir nmv 
position by mechanical means. As examples of such means 
may be instanced movement by wind or water or glacier-ice. 
Three groups of these rocks are dii;fingujshed : (a) mdacems 
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tyf f^ebbly^ (bj ar^tiaceQus or sandy^ (cj atgilUiceous 
clayey ^ 

(a) Rudaceous or p^fbMy scdiineotarT rocks are consoli¬ 
dated g-ravels of various types. The constilucol- pebbles 

large; If Uiey are angnlar the rock is called a breccia^, if 
11 ley Sire n>tiricled. Ti mngiinrii^raln. It niList bt: rtoteil that 
hii^ci ins may be formed iti various ways, for iiistiince by the 
friiclLQre and re-c eiiwntisii;: of a rock during’ faulting. 

(b) Arenaceous or sundy rocks cotis^iist of small grains* 
rnoslly of quart3tj cemented by a scanty bond of silica, iron- 
oKide^ calcium car bona te» clayey itiaterlaJ, etc. The chiel 
type Is sandstone. Grit is an arenaceous rock made up ol 
angular fragments. 

(c) Argillaceous or doyey rocks codbisL of the finest frag- 
aients worn from older rocks. Examples are: day, retaio- 
ing enough moisiure to be plastic; mudstone, containing 
little moisture and so not plastic, but still not fissile; shale, 
a non-plastic day-rock splitting along its bedding planes, 
'fo this Series may here be added sfufs’ which is a rock of 
clay composition witli a ivclMeveloped cleavage— slaty 
deamge —not often coincident with the original bedding 
planes. Slate is really a met amorphic rock and its slaty 
cleavage results from the parallel orlentatioo of Gaky 
minerals formed w'hcn a shale has Ijcen subjected to con¬ 
siderable pressure. 

II. CuEiiicALj-v^FOkAiEn SEDiAtEKTARv —^^ateria^ 

dissolved from Lhe rocks by w'ater is carried In solntiaii to 
other situations where evaporation takeiii place with pre¬ 
cipitation of the dissolved material. In this way beds of the 
various precipitates are formed. ‘I'hc chief types ol 
dicmically'formed sedimentary rock:^ are: — 

(aji Carhonute.—-The precipitation of caidum carbanats 
hits given rise to certain types of limestanep the rla/acdb'c 
deposits In Hmestone-caves, and rafc-Jtiifer deposits formetj 
around calcareous springs. It is probable that some beds 
of .^IgCOa..CaCO,, have becri formed as chemical 

pi'Wpisuites, rreclpitiiies of iron carbonate are represented 
by bng iron-ore and the clay band and blaehband ironstQnes - 
(h) Saline Residues .—The drying-up of enclosed! bodies of 


im 
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saJt water causes the prtxrjpitatlon of the dissolved salts 
with the formafton of Tesidl£^s^ An example Is pro¬ 

vided by the g'reat German salt deposits of Stassiurt where 
the gradual evaporation of a body of salt water is shown by 
a succession of saline deposits beginniiig whth dototnile and 
cakitc, followed bj a sequence of gypsuiu and anhyrlricc, 
then rock-salt^ and the various bittern constUueriis such as 
poly halite, kicserjic and canutllite (see 217)- 

(c) Sih'cd+—Examples of the cheniic^ prucipitation of 
silica are piven by the siliceom srnt^T formed around certain 
hot springTp and by certain types of flini and ch^rt. 

ril. OmiANicALLV-tdkMiiD Sepimentaev Rocks,—C ertain 
sedi mens ary rocks arc formed by the accumulation of 
material of organic origin. The most importanE of such 
rocks are:— 

(aJ-iim^itonej, rcsulthig from the accumulatioti of frag¬ 
ments» consistlog of calcium carbonate^ of shells, tests and 
hard parts of molluscs, corals, etc. Calcsreous algse pre¬ 
cipitate calcium carbcjnaic and such deposits make thick 
b^s in certain iVsi-tnaiions. 

(hj Ferruginous deposits are considered to be due in some 
cases to the agency of irDn-depos^iiiiig bacteria. 

(c) SiJkeDHs deposits arise by 'the collection of the re- 
mafns oi oi'ganlsins which have a skeleton of silica, such as 
radiolaria and diatofttS- The accumulation of the siliceous 
frusiules of diatoms leads to deposits oi diatonute^ tripoii 
or hiesetgithr. 

(d) Phospiaii^ are produced by accumulation 

oi organic material containing calcium phosphate such as 
the skeletons of fish, shells of Crustacea^ etc«, or by the col¬ 
lection of phosphate-bearing hird-droppings, guano. 

(ej Coids and Deposits result from tlie 

accumulation of various types of plant material i examples 
are peat^ tigmic and the several classes of coal. 

Tir. METAMORPHIC ROCKS. 

M«tamorphism*— The third great group of rocks results 
from changes in pre-existent rocks brought about by aHera- 
tlcuis in the pressure and fern perat are to which the rocks 
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arc jiubjccrtcd^ tJjCse ^ter^itioiis beir^ aijcultipaiiied iu milii) 
by migrajJDQ cl matcnaL Under the tiuw condiUoaSk 
ctriain af ihe original minerals are ny longer stable and 
give place to mincmls more lUtecl to Uie new environment. 
Ill nddiiioD to new mineraJ^i, new textures arise during this 
^rles of changes or metamorphiffti. 

A type of pressure important in nietainorplijsm is 
directed pressure or sLtsssj the application of stress gives 
rise to ^liearing movements In the rock and is held to cause 
such of the new^-formed nuncrals as liave a plnLy habit to 
arrange Lbemsclvcs with their plates appi-oximatdy parallel. 
A similar amingement may possibly result from the growth 
of platy tiiinerals along pre-cxisting planes ol slaty 
cleavage or boilding. I’his paralleJ texture is known as 
schisii>sity : a coarse banding produced by lenses of difTercnt 
schistose snalerials gives foliatian^ Temperature changes 
In rnctamorplilsm ma) be restricted io the immediate vicinity 
of an hurusive igneous bodyi and metamorphisrn under 
such condiiious of high temperature and low stress is said 
io be lofoJ* ikt?fFn(i^ or ronfuef meiamorpliijm. Metamor- 
pliism under low tcmjJCrature and sti-ong shearing stress^ 
sudi as takes ptaoe along great fracture belts of the cmst^ 
if; caUed Metamorphism due lo 

a rise In temperamret an increase in pressure and possibly 
an influx of energetic fluids. Is called rfigjcum/ rntflumorf Jilsni 
0:5 it affects the rudes of considerable portions of the ernst. 

Melamarphie Racks.— Quartz, felspars ^ micas and 
liomldundtSt similar in most respects to tliosc of I he Igneous 
rocks^ occur under metarnorphic conditious. Typical uieta- 
morphic minerals are garnet, andalusilUp kyauiie and siUi- 
manite, cordieiite, talc, chloritCj opidote and staurolLtc. 
The mineral assemblage produced depends upon the coinp> 
silion uf the original rock anil die conditkins of Its meU- 
morphism* 

In order lo rntroduce tht names given to the metamorphic 
derivatives of ciriain sedimeniaiy- and igneous rocks^ the 
following series are glvtrti each beginning with the original 
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mateiial ii^d piib&ln^ to the nietamorphic rock former! irroni 
this cJiirJng: regional metarnorphism; — 

Cfflii4;i/-^cong] umEfatb -^ongJoinera te-iicblsi:^ 

J—dston e-^quartzite. 
L’lay-^slialcr-^slale-^mica-schjEt. 

Cokm m cai rbanuLe-^limiis Lone-^ m urhle. 
tr Fi^Fii f e-^granj ie-gi3iQtss. 

e->bornh]ende-sdi is I. 

P^ridofiU^serpEniln^ mid lafc-^hlst. 

Conlact-Metamorpliiz^ni ^—in thermal or contact maa- 
morphisro a mi^hmiorphic nuFeQiG la. formed around ikc 
igneous bixiy rcsponisible. The minerals produced hy the 
rise in temperature depeiid upon tlie compQ^itlon of the 
cotintr^'''rocks aired ed. Sandstones arc converted into 
Clayey rtxzks pass into lough hard fine-grairted 
rocks known as homfelsi^s arid char:ac[eriscd by the occur¬ 
rence of such aluminium silicates as aodaluslte and 
manitCp together with cordierite and hlutite. Pure lime¬ 
stones art: ehangnsi inlo mdTbles^ impure limeskmcs into 
caic-Jlocate hoi'nfelses composed of various silicates such asr 
woUastoniie, diopside and ireniolitc. Basic igneous rocks 
are often recryst^llliscd into finer-grained graauiitcs 

compnsed of basic plagiodase^ pyroKene, hornblende and 
biotite. The elfcets of the contact-inetainorpiu^rn become 
more marked as the Igneous mass is approached. 

Near the contact of rnLrusive aud country-rock, the com- 
posilion of the latter may he markedly allcrcd by addition 
of material derived from the Igricous bQdy% and iinportanl 
orc-dcposlts may arise by this process p 

^n^EFLAtp DKPafilTS. 

ItinersI DepofiiU, 

We may describe a mineral deposit as a rock or mineral 
that is of economic value and repays working* Two main 
groups of mineral deposits may be distinguished, syngenetic 
and epigejteh\^, 

SvistiLN'ETlc DEi'OStTS+—This group is fornstxf at the saim 
time as the cnebsing or associated rocks. One example is 
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the type of ore^deposit called ma^ixiatic se^repfation which 
arises by the collection tog-ether of useful miocrals duriog 
the ortlimTia^matic sta^e of consOlrdatkan of a magma, and 
is esrcmplffied by the segyq^aElon of chromTio In ultrsbask 
igneous rocks. Another example is provided by the sedi¬ 
mentary or bedded mineral deposits, such a$ the saline 
residues already noted, which arc interbctldtd with other 
sedimentary rocks nf closely simtTar age. 

Epiciottec Deposits, —These d-i^posits arc formed Infer 
fh/in tlie enclosing nr assiTiatrU nxJis. Some of 
deposits have filled or opened fissures eo the coon try-rocks 
and such bodies of ore are called T'ctrif or lodes. Veins have 
great depth and length but no great thickness compared 
with these diroetiSEons- Tn other cases the ore is deposited 
In the Interstices of the cotintry-rock and then forms im- 
pre^TfmtJons^ Agairit certain ore-deposits replace the 
country-rock and have then an irregular form and shade olT 
into the adjacent rocks - Tn ore-deposits associated with 
contact-tnelamorphism^ the shape of the ore-body is irr^u- 
lar and related to the margin of the igneous rock+ Mineral 
deposits may he subjected to the process of metamorphlSTn 
and so partake of the characfcriatics of the associated 
country-rocks, 

TypcB at Mineral DepoeUn- 

Magmattc SEfjRPCATlnMS.—Magmatic segregations re¬ 
sult froin the concentration of minerals nf economic value in 
particular parts of a cooling magma- The ore-body shades 
olf gradually Into the Igneous rnck and Is usually marginal 
in position. In this way have been formed Important 
deposits of native metals such as platinum, metallic oxides 
such as magnetite and nmenite, and sulphiilcs such as 
pyrrhotlte and chalcopyrite. 

iu PEcMATtTE Ore Deposits- —PegtnatltesH as already 
mentioned, represent the resldijai portioo of the magma anti 
in them are often concentrated valuabk minerals which 
occur only in accessory amounts in the main body of the 
igneous rock. Further, the richness In Huxes of the p^^ 
matitic magma leads to the growth of minerals of large sire 
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and so makes expSoitation profitable. Pepipatitc ma^ma is 
very fluid aud Is Intruded as dykes, strinjjersi and veins 
mainly around (be borders of j^ranite masses. Thus are 
formed economic deposits of siicb mineral?^ a? felspar, 
quartz, TTika And gemstones. 

lii* P\"EtrMATqLVTfC Orr Dkpofitt-^. — During the later 
stages of consolsdation of magmas, heated gases of great 
chemical activity stream into the adjacent country-rock h and 
irt this way pncumalolytic ore-depoaits are formed. These de¬ 
posits usually accompany intrusions of granite and are asso¬ 
ciated with a special set of minerals which form a useful guide 
10 the prospector-—tourmaline, topaz, zinnwaldite, lepidolite, 
floorj aitinite, EKamptcs of pneumatolytic orc-deposUs are 
the tinstone deposits of Cornwall connected with the granites 
of that area, and the hfonvcgian apatite deposits associated 
ivilh gabhro intrusions. 

iv. Htdhotjiehmal Ore DfiFOSirs.^This process of ore 
depositian in Tvhich the ore-body has been deposited from 
aqueous solution represents the final stage in the consolida¬ 
tion of a magma. It consists of the evolution of heated 
waters of great chemical activity and capable of dissolving 
and transporting most metals of economic value. These 
solutlona may find their way great distances from their 
parent source but evenlually^ by coolini;: or chtmiciil reac¬ 
tion, they are compelleil to deposit their load, and do so 
either in cavities or fissures (lodes or veinsK or between 
the grains of sedifnents^ etc. (Impregnations). 

T- METASoMATtc Ore De POSITSMctaso matic ore- 
deposits are characterised hy the complete or partial replace- 
ntenl of a pre-e:!slsting rock by the ore-body. The term Is 
ofteo restricted to deposits formed through the action of 
circulating waters which are often derived frorn higher 
levels in the crust. Sometimes, however, the term metaso^ 
matism is considered to include all those modifications and 
replacements brought about by solutions of whate^Tr origin 
On this view, metasomatism includes the alterations arising 
in rocks by fbe passage through them of heated v'ater from 
igneous sources—attcrfltlons exemplified by the production 
of minerals such as chlorite and serpentine in affected 
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igneous rt>cks ^propylititation), the formation of alhite and 
st-riclte, ami especially by that very important group of 
processus knotvo as pyi-owi«intoi7i«liiHi which takes place at 
igneous contacts. I'yromclasoniatism will be briefly noted 
under iht contact-metamorphic deposits, and here will be 
mentioned onlv certain cases in which the valuable con¬ 
stituent has biien leached from other rocks, transported in 
solution and precipitated with replacement in a new posi- 
tlon* 

As examples of this type of metasomatlc deposh may be 
given the iron-ore deposits of Cleveland where iron car¬ 
bonate replaces liniesirjnc with tin; preservutroo, In ntany 
cases, of tb- original limestone structure and the pseudo¬ 
morphism of fossils by slderite. Some lead-zinc deposits 
are of metasomatic origin. 

yL StDiWENTTARV Mineral De posits- —ITils class of de¬ 
posits is formed by processes of sedimentation. 'Fhej tnay 
be illustrated by’ reference to the description of the 
chemically- and organically- Formed sediments given in pj^ 
vions pages. Important eitaiiiples of these bedded deposits 
are: Iron-ore such ais bog-iron-ore, blackband and clay- 
bind ironstones ; certain deposits of copper carbonate, oxide 
and sulphide; the saline residues such as those of Cheshire 
and Stassfurt: phosphate deposits; and the coals. As^ 
dated with sedimentary processes are the alluvial deposits 
mentioned in the next paragraph. 

vli, .Ai-toviAt., Detrital or Placer Deposits,— lliese 
deposits are formed bv stream- or wave-action, and are 
found where the velocity and hence the carrying power of 
the currents have decreased. Such deposits consist, there¬ 
fore, of gravelly or sandy tiiaterial which becomes finer as 
the depositing stream, for instance, is followed from 
mountain source. In these alluvial deposits, the minerals 
arc concentrated into fractions according to specific gravi^. 
and minerals of somewhat similar sp«ific gravity are thus 
found together and form useful guides to the prospretor- 
Chief of the alluvial deposits are the gold placers, with the 
gold being associated. magnetite (“ black sand }, chromite, 
zircon, etc. Alluvial gem deposits, platinum, tin and 
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wolfram alluvials arc other examples. AfluYials arc thus the 
result of the breakin^-up of the parent rock, and the sub- 
?5ei:5i£ent transportation and cxknccntratioD of nqincrals which 
may exist m very small quantity In the riicka at the head 
of the rlver-^system; hence, by followinf^ the alluinal de¬ 
posits upstream^ It is often possible to locate the original 
home of the valuable minerals—g-old Is traced to a ^old- 
bearinir quartz-vein, platinum to ultrabasic ij^neous rocks, 
^ems to metamorphlc limestones, etc. Ancieni alluvial 
deposits occur *" fossil *' in the g:eQlo)^Ical formations ; among 
such deposits may possibly be placed the gold-bearino 
Banker of the Rand, 

vilif MfeTAMowpiTrc Deposits and Pvrowhtasdmatic 
Deposits.—M ineral deposits already m existence may be 
subjected to met amorphic changes of all types. During 
metamorphlsm impure or low-grade ores may become purl- 
bed and form workable deposits. Thus, hydrated ironnsres 
give place to hematite and magnetite deposils. Tbe pyra- 
mfinsomatic or cofitaci oFe^eposiis are found in the 
country-mck at ita contact with an intrusive body. Heated 
Mint ions carrying ore-materials pass from tlie igneous rock 
into the country-TDck and there produce metasomatism of 
suitable rocks with the depositlou of the ore. llie country- 
nock most favoured for pyrometasomatic orc-deposirioo Is 
limestone. The chief nre-mlnerals formed in this way are 
sulphides such as chaloDpyrSte, pyrite, zinc blende/ and 
oxides such as magnetite and hematite. With the ores are 
associated a characteristic set of minerals, the skarn- 
mmeraJs^ such as iron-gamets. tron-pyroxenes^ wollastonhe. 
epidote and Idocraser 

Secondary Enrichment o| Ore DepQsita. 

Like other rocks, ore deposits undergo weaihering and 
decomposition at ihetr ouEcrops, this weathered upper part 
of the deposit being known as the gossan, [n this region 
□f the ore-body the minerals of depth have fcH^eo altered into 
os^y-salts. For example, a lode carry ing galena and blende 
at depth might consist in the gossan of certissite, anglesite, 
smithsonate. hemimorphite and other oxy-salt^ of lead and 
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t\uc. Nativf metals frequcnlly occur b the ifossan, and often 
conceniratioii takc^ place by the removal of ligfhter dr less 
stable materialH thereby prodticini^ rich resl^al deposits 
cnpplTi^ a lawer-f^icle nre. 

The pri.)cess known as secotid^^y eftrichtnent is of great 
economic importance in silver, copper and other lodes. The 
OKy-sslts prodoced in ihc gossan by u'eathering are carried 
deeper into the lode by descending waters. In the zone 
intermediate beUvcen the weather^ outcrop and the un- 
attrred sulphides — that is, in the so nr of secondary enricli- 
men I —chemical action takes place between the descefidtng 
waters bearing oxy^salts and the unaltered sulphides, with 
the result that a new series of mloeraU is formed whose 
rBembers are often very rich in the valuable mtlal of the 
lode. By this chemical concentiailoo workable ore-bodies 
may result from rather lovv^jrade ores. 

THE GEnLOGlCAL SYCTEM5. 

As a result of the obsezv^ations oi o%'er a cenlury^* the 
sedimentary rocks of the crust have been divided into a 
great number of age-divtsions. The larger dlvlsioos are 
called and in the accompanying tabic ihe names of 

the systems and an otitliue of their character so far as 
Britain is concerned are given* The rreHcambrian rocks are 
the oldest and the Pleistocene the youngest. Igneous rocks 
cannot be so accurately dated; lavas take their place in the 
series of dated sedimentary rocks+ hut the age of intrusive 
rocks Is often a difficult problem. IntnisLves arc later ^hao 
the youngest rock that thc^- invade and contact-nietamor* 
phose, and an upper age-iimit can sornctuncs be filled by 
tlie discovery of pebbles of the igneous rock m conglomerates 
of known agCF 
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THE GEOLOGICAL SYSTEMS. 
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cairth, etr. Wfrfted 
( gravel \q BriuiD. 

[ The “ CFAKs qI East Anglia. Fornwrly worl«d 
^Q^ nmrLiD;^ and ht pl^phate ni>di?Ie&, 

^ot THpiKentfid in Britain- l^ignLfea abroad. 

I OcoirE in Bic TsId of Wight, Ccmtaim a tbili 
1 ^ EincHloiie^ 

j'OccnTB ID the Londou boLsin and iha IlaErtp- 
I afaire basin. Sands at base. foILdiii^d by Ltie 
j Lorndon CLay^ and ihaL by tbf Qa^sbot Sands, 
i EcaDomicaETy tLschal for bricks and glass sand, 

I CoTcixs a large area df Soitth-Eastern. EngUnd. 

I Al Ihe bate is tite Weald Clay, followed by 
Creensandv and Gault, and tiicn_ by the 
CbaJk+ fmpQrtaiit (or bricks, huilding^slnnc. 
cemant, lima and vratcr. 

Demus in a belt Slfclching frortE Vorksbirt to 
Dorset. Lias claja belau?^ fo1I(rwl^d by 
Oolite llfttE^loftn and days above, Impor- 
tanl for buHding-sInne, iron area, gypsum 
and water. 

Two divisions in England r flruitEr pebble beds 
belovr^ Keuocr tendstones and marls alwve. 
Provides salt^ bulldlnj^-stEniD^ gypsum and 
• water. 

■ Red mudstones of Fcnritb, Afagncsium Lime 
I Hone of Noftbumbria. Buildlng-stona. 

Three main diflisionaj at the base Carbena- 
iferona LimaataEc, roTkn*ed by Millstone 
Grit. foUnwed by tbfl Co*! Measures. Great 
ecanotnlE^ value for coal, tronslone, G.rcO]ay, 
liznestoiie, boildiDg-stoue, lead and road- 
raetaL 

f Slaves of Devonshire aod rornwaH s red saitd- 
stones of Welsh borders, Caiihuosi, Fife. 
Sem ili-We,it Itdand, etc. Boilding-slorDe, tin 
and copper. 

and ISmestonci erf Wdah Bordem, 
I South&ru Upiaadi of Scoilaed, eic, 

^ Slates of Knrth WaJes, Soutbam UpUnds, f jke 
, Dialrict, etc. Slates, 

Grits and slates of Nnrlb Wales. Lim^tone of 
Kortb-Wsat Higbtands. Slatea* gold,, oopper, 
manganese. 

Gneite and srhista of the Highlanda^ Anglmy. 
.Mahcm, Donegid. CritSv spates, etc., of tbc 
T^nogmynd, e!e. 


t Goc 
.SI 
I. 






PART 11. 

DESCRIPTION OF MINERALS. 




THE DESCRIPTION OF FUNERALS. 


The Classification of Minerals. 

nisy be classified Lii sevcnil wajs, ric;irly iill of 
vb-hich *rc depcndeatji bow ever, either upop their chemical 
comphositioDp or the forms of their crystals. 

In the diem seal cUissiJicatiop u^uallj adopted, as for 
example, that of the great Ajnerican mineralogist, |. D. 
Dana, the following" subdi vis ions arc made — 

1. Native Elements, 

ii. Sulphides r selenldes, tellur Ides, arsenides^ anu- 
monideSr 

HI. —suipbarsemtea, suiphantlmotliles, suU 

phobismuthites. 

IV, Hfthids, — chlorides, bromtcles^ iodides, Unorides- 
V. Oxides. 

Vf. Oxygen solfs^ — carbonates^ silicates, ticanaics;' 
niobates, tantaUtes? pbosphatei^ arsenates, vana¬ 
dates; antimonates^ nitrates j borates, uranaits; 
sulphates, chromates, tdlitrates j tungstates^ 
molybdates. 

VEL of Organic oxalaifes, isielSaieS| etc- 

Vlll, Hydrocarbon cunipounds, 

A clasfiiication adopted by F« Niggli, on the other hand, 
ts based upon cr} stal symmetry. 

Neither of these methods of classillcatjon is used in thlj^ 
book. It is considered more advantaigeoiis for our purpose 
to employ a combined economte nod ahemical ch^ssification , 
directed to meeting; the needs of the beginner In economic 
geology* For this purpose it seems best to group minerals 
in the first place according to the useful element or group 
of elements contained In them; this is, in effect^ a grouping 
of ores df each element. Thus* it is an advantage for our 
cuds to place all minerals eepnomicaUj important ps sources 
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of lead togeiJierH and H'kh these DatiLriLlI}/ are put other lead 
minerals^ This method! of grouping ta best for the 
niperalogi^t dctcrminiDg minerals by blotrplpe analysis or 
by chemical means. Difficulties arUe in this classiScatioa 
in deciding which is the more important element in minerals 
containing two dements of economic valuer or whether to 
pEace, for examp!iron silicate with Iron or silicon. 
Further^ this dassihcatlon scatters the large chemical 
groups, such as the carbonateS| sulphates, etc+p through 
many of the divisions based on elements. But most oF 
these defects can be remedied by cross-references. 

The first step in our classification, tbereforep la to group 
the tnlnerals, ao far as is posslblcp into ecouoniie groups 
according to elements. The second step is to arrange these 
dements in a reasonable order. The order adopted here is 
that of the groups of the Periodic Classtficalion of the ele¬ 
ments given on page 14: by this^ minerals of sotnewhat 
similar chemical properties are brought near together. 
Elements represented in nature by rare or unlmportani 
minerals have been omitted from the scheme of dassifica^ 
tion now given :— 

Group L (a) Lithium^ Sodium, Potassium. 

(b) Coppr, Silver, Gold. 

(a) Calcium, Strontium, Barium, ^Radium). 

(b) BerylRump Magnesium, Zinc, Cadmium, 
Mercury. 

[aj Boron, Aluminium. 

(a| Titanium, ZirconiLim, Cerium, Thorium. 

(b) Carbonp Silicon, Tin, Lead. 

GVofjp r. {a) Vanadium, Tantalum. 


Group IL 


Group //J. 
Group IV. 


Group F/. 


Group V!h 
Group rfJJ. 


(b) Nitrogen, Phosphorus^ Arsenic* Antimony, 
Bismuth. 

(a) Chromium, Molybdeninrip Tungsten, 
Uranium. 

(b) Sulphur, Selenium, Tellurium, 
fa) Manganese. 

(b) Fluorine, Chlorine, Brominep Iodine. 

(a) Iron, Cobalt, Nickel, 

(b) Ruthenium, Rhodium, Palladium, Os- 
minm, findium, Platinum. 
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The g^reat group of the roch-farfiiing stlicaies is here 
dealt with under seIjcor. So far as is possibk, the silicates 
are grouped aeenrdiiig to the structLiral arrangemeiiu of 
their constilucru utums. For tlui yf the geological 

sluderilt optics!I proptutiess uf the important rock¬ 

forming silicates are given in some detail, special attention 
being paid to diagnostic features. 


AbbrevialionB Ll^^ed. 

CoEiipasitioa 
Crystal System 
Common Form 

Cleavage -- . 

Fractare 
ilardness 
Specific Gravitj' 

Optical Properties 
Special Properties ... 


CdUp^ 

CavsT. SvsT. 
Com. Forja. 

Cl^EAV. 

Fhact. 

H. 

Sf, Gr. 

Opt. Props, 
Sptc. Pnops. 


LITHIUM ftnXERALS. 

Lithium (Li) does not occur in a free state in nature^ 
nor are its compounds very abundant as mEnerals. The 
characteristic mode of occurrence of lithium minerals is In 
the pegmatites, where there has been a concentration of this 
somewhat rare element during the later stages of consol Ida- 
tion of granitic rnagrna- The commonest lithium minerals 
are:— 

Li/ftluni-bearing .Uicaj: — LepMoUtf or Lifhiutn-mica, 
and ZmmjDaidite or Jidutirtt-iron-mtcfl. These 
minerals are descrihr ct with the Tf/raj on pp. 356, 358- 

P^tiiUlc, Li(AIS5JOj^^. 

Amblygomi^, Li(F,OH)AlPO^. 

Spodftmenr, LiAISi^^O^. 

Spoduniene and amblygonite are the sources of lithium 
salr5, used for a number of minor purposes. Spodumene Ls 
often classed with the pyroxene family, but in %-iew of its 
special importance as an ore of lithium it is here considered 
under that clement. 
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BPODUMENE. 

c;oMP.' —UthiLiFii aJuiiiiniLun LlAlSi^U,- 

Ckvst. Sy&t* —MonDClinic. Com. i'OKK.—SameLimes in 
Jarg« crystals made up of pinacoidSf domes and the prism; 
also found massive and with broad cJeavag-e-surf^qes. 
Cleav.—P erfect parallel to the prism {110)^ a very gcxxl 
parting parallel to the orthopinacoid (100). Colour,— 
Greyish or green Esh ; two gein-varieties are iiufdcnile,. 
which ih emerald-gm-ri, and A'jnir-e'te* lilac-colourefl. 
Lustre,—P early, but vitreous^ on fractured surfaces: 
translucent to subtranslucent. H.— 6 &-?. Sp, Gb.—313- 
3'SO. 

Tests.— H eated before the blowpipe^ sw^eUs up^ becomes 
opaque and finally fuses to a colourless glass; cdIduts the 
flame red, due to lithium, if not heated too much* not acted 
upon by acids. 

VAarETTiES* — Uiddemie, the cmerald-gTeeu^ and KunmtCf 
the Uiac, transparent varieties of gcm qtialtty, 

OccufiBEKCui.—Occurs as large crystals in graoLtic peg* 
matites of many locaJides, e.g^ Peterhead, Scotland r 
EGJlincy, Ireland; Huntingdon^ Maine; Madagascar' in 
pegmatite dykes in the Black Hillsp South Dakqtai spodu- 
mcnc occurs in enom^oua crystals, one being recorded 
measuring 42ft. by ^t. by 3ft, and estLmated to weigh (}5 
tons,—these deposits are worked for UtliiuTn. 

Uses.’—S podumene is the chief source of the raw 
materials for the manufacture of lithium salts; the varieties 
hiddenite and kunzite are cut as gems. 

SODIUM MINERALS. 

iSudjuni (NaJ docii ofjl octitsr native. sodium may 

be produced by the reduction ot sodium bydroicide, NaCJHi 
by carbon, or by the decomposition of a melt of the hydtoxidsj 
by an electric currentH S<^iuin is a soft silver- white metal, 
easily tarnishing in the air; it decomposes ^vaier, iorming 
sodium hydroxide and hyidrogen. 

Sodium forms 2'iS per ccni- of the earth's crust. It is a 
constituent of many very liuportant ruck-fominig sUiiute^. 
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chief ut which is NaAlSi,0^, the sodic end* 

iiirfiiber of the piagioclase felspars. A Jess cominoja 
felspar^ apiDrf/iai:Jaje, iKa,K}AlSijOgp crj-^stallises frcin 
sodiboi-rich mag^mas^ as do sodmm-pyr&xen^i and 
dfwphihofej, and iht fclspathoids, nephelim^ sodaiiu and 
hauyne, Scapahle, and the sodium^micap are 

other sodium-bearing silicates+ Atnongst the important 
group of silicates known as the weoUtes, sodiuzn-bearing 
types are represented by heulandhe^ mudeite, naitohi^, sHl- 
bit£ and others. AU these and other sodium-bearing mem¬ 
bers are described at the appropriate pages in the account 
of the silicates. 

The non-silicate sodium minerals mostly occur as saline 
r^idues deposited by the evaporation of endosed bodies of 
salt water, as described on p. 216^ and dealt with under rock- 
salt, below. Sodium chloride^ NaC1| Is die compound of the 
most frequent occurrence in nature^ and is procured for 
industrial purposes either as rock-salt or by the evaporation 
of sca-water. Compared with these vast supplies^ odinr 
sodium compounds an? relatively insiguiUcant, though there 
are important deposits of the carbonate^ sulphate and. 
nitrate. 

Tests. —Sodium salts colnur the blowpipe Harne intense 
yellow^ AfLcr heating before the blowpipe, sodium com- 
pounds give an alkaline reaction with litmus; this reaction 
is, however, also given by salts of the other alkalies and 
of the alkaline earths. 

The sodium minerals dealt with here are:— 


Chloride.—Rock-Ealtj Hahte, NaCl. 


JVilrflle.—Soda-nitre, NaNO^. 


iThenardite, Na^SO^- 
Siilphalts . — I Mirabiiite^ Na^SO^.lOHjO. 



^ Glauberite, NajSO^.CaSO^. 

[ Thermonatrite, NajCO^-HjO^ 


Carbonflter,— 


I Trona, Na^C0,.NaHC0,.2H,0. 
f Gayluusite, ^^^ajCOj.CaCOj^SH.Oi 
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Td may be :— 

Berates. —Bora^, NajB^O^.lOH^Oi. — see p= 398- 
iJiexke, KaCaB^O^.aH^O,—see p. 
Mtitfrye,—Cr^'oliltc, Na^All'll—See p. ii08- 
Berax ap d ulexite are worked for tbeir bgroa cop tent p and 
are dealt witii here under Boron; similarly, cryolite ^ 
ore of aluminiunip and Is considered with the other 
aiuniimum miaerals. 


ROCK-SALT, HAUTE: Cominaa Salt 

Comp.—S odiun« chloride, NaCl; calcium sulpHate, cal¬ 
cium uhlaridc and magnesium chloride arc usuially present, 
and sometimes also magnesium sulphate; the presence of 
inag^nesium curnpoupiis (lausesi the mineral to become wcl 
and Icmpy. 

Chyst. Syst. —Cubic; Galena Type. 
Cou. FoKM^'^-Common [:rystals in 
cubes, rarely ociahcdra; cubes often 
Mrjth hollow faces, f'tvin^ iiopf^tr 
crystals^ iilustrnted In Fj^, ■G&: also 
occurs massive and granular^ rarely 
ibrnus. Cleav. —^ Perfect cubic- 
Cototrn.—Colourless or white when 
pure; often yellow or ntd.^ sometimes 
blue, ameUiy Stine or purple 
lai of R^^kr " Lustre. — Vitreous; transparent to 
translucent. Taste.—S aline^ soluble 
In water. Fuact. —Coorchoidal, brittle. H.—2-3'&. Sp- 

Gr.—22. 



Tests. — Taste quite distinctive; colours the Aacne deep 
yellow, due to sodiuni; crackles and decrepitates when 
healed; gives the usual blue chlorine flame with copper 
03t]de in the microcosmic salt bead ; in solution gives a white 
precipiute of Stiver chloride on addition of silver nitrate 
solutlnn. 

OcctrBfiEN'CH* — Deposits of rock-^salt occur as extensive 
geological beds, and are the result of the cvaporatioa of 
enclosed or parUy enclosed bodies of sea-water- During 
this concentraiion and evaporation, the salts separate out in 
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51 tfLfinitc ^.^rdtT- hi iFu ^reat i ierTnan di-posIt*- ; 4 t StassfurL 
the Order is; — 

1. DdIqhui^ KQJ cmlclum anil niB^iiiBLaiiJiii I'JLrb^ziAt^ 

3. Gvp^um and iQhydrit^^-tdJciuii] siilpbalns. 
d. Fo^-saJt—^sqdiiicu ctJnridjfir 

i. Pol^hjilitc—CBLkuuin roagiLfisjum fKil^igaiuin a-ulphate. 
i>. KiineckLc ^niag^DC9i:u.|Ti aulp|]aiii&. 

0- CJlfnAllitfr—paLaasi&on magneaiifm chleridf, 

rjcncc there i$ a fairly regular sequence id the depositfl 
JVaiTi bottom tu lop in the order named, the least soliible 
itiineraJsp the caTeium and rnagncsiimi carbonates, being 
at chc bottom, ajid the most soluble minerals, polyhalitOp 
hiesorite and camanite, — the being at the top. 

In most cases of the drying-up of saline waters, however,, 
the process has not been carried so far as at Stassfiirt, and 
the bitterns are usually absent from the succession. Sail 
beds occur at various geological horbonsp — in the Silurian 
and CarboniferoUs d£ Michigan, New York State and 
Ontario : in the Permian nf Stassfurl, Germany; in the 
Trias of Cheshire, England; Lorrainep France; WurtejH' 
berg, Germany j Salzburg^ Austria : and in tJic Tertiary of 
WIelicrkn, Poland. Countries each producing over a 
miUion tons of salt annually arc the United States, Britain, 
Francep Germanyp China and lndla« The salt Is extracted! 
either by ordinary mining by shafts and galleries, or by 
pumping the brine from the salt bed to the surface, and 
there recovering the sail by evaporation. Salt is present 
tn the tvaters of the ocean, and vast inland lakes of salt 
water exists such as the Dead Sea, the Great Salt Lake oi 
Utah+ etc. Since sea-water contains only about 3-5 per 
cent, of total dissolved material in it, the formation of beds 
of salt thnusand^ of feet in thickness such as occur In nature 
requires an explanation. It is suggested that thick salt 
beds could be laid down by the continual repicnisbment of a 
lagoon, such as the Gulf of Kambugas iti Ehe Caspian, with 
supplies of salt water, &nd the consequent enrichment in 
salt of the w^aters of the lagtion by continued evaporation. 
Ileds of salt differ from other rocks in their reaction to 
pressures j salt flows whilst other rocks fracture or fold 
wheu subji.Hrtcd to crustal movcfnenlSr Salt gh^ders have 
been described from Persia, and intrusive ^* p^ugs of salt 
—the salt iitunes —are of great economic importance In the 


ELKiiENTS or MlilERALOGY 


■ ifl 

Gulf Stated of the United States, since ihty have provided 
the proper condttions for the accumuiation of vast reservoirs 
of petroleum. 

Uses- — R ock-salt is used for culinary and preserving; pur- 
poses^ and especially in a great number nf chemical tnanu- 
faclurin^ processes» — such as the manufacture of sodium 
carbonate for glass-makings, soap-maklrig^ etc. 

SODA^NITRE, NITRATINE, Nitrate pf Soda* Ctile SaUpeLre. 

—^Sodium nitrate, NaNOj. 

Cryst. Svst.— Hestagonal^ rhonibohedral. Cow. Form.'— 
Crystals not common, of Calciie Type; usually as efflores 
cences in crusts, or massive granular. Cleav, — P erfect 
rhombohetiral. Colour. — White, grey, yeUow, greenish^ 
purple, and reddtsh-browTL Lltsthe.—V' iLreous; transparent. 
Taste. —Coaling; soluble in w^ater. H.—i o-2* Sf. Gr. — 
22^. 

Tests.—^D edagrates less violently than nitre when 
heated, and colours the flame yellow, by which and its deli¬ 
quescence it may be distinguuihed from that mineral. 

OccuRAEijCE, — So soluble a mineral as soda-nitre can 
occur in workable quantity only in regions of very low rain- 
faLL Economically important deposits are found in the 
Atacama Desert of northern Chile; the production from 
thesa deposits exceeded three million tons in 1929^ but is 
now considerably less- The soda-nitre occurs, mixed with 
sodium chloride, sulphate and borate, and with clayey and 
sandy material, in beds up to six feet thick. The sodium 
nitrate forms 14-25 per Cent- of LhU caiicAe, as the material 
Is termed, and is accompanied by 2-3 per cent, of potassium 
nitrate, and up to 1 per cent, of sodium iodate, the last 
being an Importaot source of iodine. These remarkable 
deposits have most likely been leached from surrounding 
volcanic rocks^ and owe their preservation to the very dry 
climate of the area. 

Use,—A# a source of nitrates. 

The Sodium Sulphate Minerals 

Occt^RBETiCe,—Sodium sulphate occurs in nature as then- 
ardite (Na^SO^) and mlrahllite (Na^SO^TOH^O), and a^ 
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glaiiberite (Na^SOi-CaSOj and other double sails of which 
blocdite (NaiSO*.MgSO,. 4 Hp) h perhaps the chief. These 
minerals^ associated with other related salts such as roch- 
salt (NaCIh natron (Na^CO,.iOHjO) and epsomite 
sire depositcMrl by the ronrei it ration of the 
waters of '^alkaii'' lakes in desert regions of the 
western plates of the United Stales, and elsewhere. These 
materiaLs have been leached from the rocks, usuahy of 
Mesozoic age I of the draioage areas of the Inland basin a. 
In the case of the greatest deposits of scidiiijn sulphate^ 
those of w^estern Canada, it is considered that the sodjuni 
salts have been I cached from the surrounding drift deposits 
by pc^^:o^atitlg waters. 

PnoDLTCTiOjr. — Soviet Russia, Canada and the United 
Slates appear to be the chief producers of sodium sulphate; 
It is reported that over I 50 i ,000 tons were produced m the 
trulf of K.;i rabugiiitfi area {see p. 217 ) of the Caspian In 
Canada during that year produced over 65,000 tons; the 
LFnked Slates in the years 1900-32 averaged 32,000 tons ^ 
year. 

Uses.— Sodium sulphate, or salt cake^ 
parlance in chemical industry. In pulp and paper making, 
glass-makings the refining of nickel, in dyeing and tanning, 
and In the manufacture of paint- 


Tlienardite, 

CuMP.—AnhVdruii* sodiiitd snlptaatf, ^ 

Syst^—O rtborbombir. Com. Foau.—Priftm»tic or tabnlai 
crystals, often twiiincd ~ oFleP h-^ crtists or h* b powdCT. COiLOPS. 
^vhittsh LeSTlFr—VitrtOOS i take* lip moisture from Ihc air and 

btaromM opaque, Ta&TI!.—F sintlv SilSofl; very in water, 

u.—S f. Gh — a 

OccuiKESCl, — In sflliOc fe^iduca of tb^ fllVnli laVm of tlLc western 
Tinned Statea aod Canada 


MIRABIUTE, Glauber Salt 

Comp.-—H ydrated sodium sulphate^ Na^SO^JOHaO. 
Cryst* Svst.—M ounclinic. Com. Form.—I n crystals like 
those of augitc in shape, or in long needle-likt fonns; also 
in eflloresccnl crusts and in solution in mineral waters. 
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Cleav—P erfect parallel lo the urthop'macoid (100). Coi> 
OLFF,—White or yetldw. Lustfr, — V itreous; translucent 
to opaque. Tastt-,—C ooling, saline, and hitter; soluble fn 
water. H. — 1’5~2- Sr. Gr. —1*48. 

Tests.— Gives w^ater on beating in closed tube; yellow 
flame of sodiuin; black stain on moistening with %vater on 
a stiver coin the residue obtained by heating: on charcoal; 
w^hen exposed to dry air, mirabilltc loses whaler and goes to 
powder. 

OcctrRHH^rE.—^In the residues of alkali lakes, as at the 
Great Salt Lake of Utab^ the alkaline lakes of Wyoming 
and other western states, In Saskatchewan^ Canada, and 
elsew-here. 

GLALTBEfClTE. 

Cowp. — A nhydrous double sulphate of sodium and cal¬ 
cium, NSgSO^.CaSO^. 

Ckvst. Syst, — Monoclinic. Com. Fobm. — Crystak 
tabular parallel to the basal plane. Cleav.^—P erfect basal. 
CoLOL+E,—VclJowr, red, grey* Streak:.— White. LtJSniE. 
—\1lreons. Fractt.—C onchotdal. H.—S'5-3. Sp- Git— 
2 8 , 

Occurrence. — As a saline residue associated with the 
other soditim mineraLs of this type at the localities already 
cited. Depo,s1i& of gkuberite that w^ere of great economic 
importance up to a few years ago occur in the vallev of the 
Ebro, Spain, and bear the characters of a saline residue. 

The Sodium Cafbonate Minerals. 

The chief naturally occurring sodium carbonates are 
natron (Na. IflH^O), Erona fNajCOj.NoHCOj.^H.O), 
ihermonatrite (Na^CO^.HaO) and graylusshe (Na,^CO.. 
CaC0..5HjO). These mineral, together with other 
sodium salts occurring as saline residues, are deposhefl 
from the waters of alkaline lakes. At Dwen"^ Lake, Cali- 
foraia, the order of deposition Is trona; sodimm sulphate: 
sodium chloride: nairon. 

Production* -— The naturally occurring sodium car¬ 
bonates are not produced in great amounti since the arti- 
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fictally produced matenaT cheaper. Tn I AM, the L-mted 
prrtdiiceil #Ui.f>nO tons^ a few lhoii?iafid Tons wrTr pro¬ 
duced in South Africa, and ^ small quantity in Canada. 

OfSES.^Sodium carbonate is extensivch- employed in the 
man i fact lire of jrlaas, soap and paper, and in the bleaching, 
dyeing and printing of various fabrics,^ 

Thenpionatrite. 

rnvi». —HvdraTtd r*ftinna!fi, Va_CO^ H^n. 

ClY^T. KviT.—OrihiitTloaibic. Coyi FoitM ^Crystala and cfllores- 

ceH rrn^H^ 

OcarMTHici:.—a saline rasaduB, 

NATRON. 

CoMf.— Hvdratcd sndiiirn carbonate^ Na.,CO^,fOII O. 
Ckyf?t^ Svst.—M n'noclinic+ Cost. Form,-—IT i^unllv in 
soliitinn, hut also as efflorescent crnstfi* Cot nirt?.—White, 
grev or veTlou'ish. Ij'STPR,—\^ trecins or earThv. Tastf:. 
—Alkaline; verv soluble in water. H.—l-l’b. Sf. Gr.^— 

TfStSl — FfFervesces with Arid; gtves water on healing tn 
clofied tube; yellow sodium Flame. 

OccimuFNCK. — Found In solultnn in the soda lakes of 
Ejjypt, Mei=.Tem Unired States, and elsewhere; occurs In 
saline residues, as in British Columbia. 

TRONA, Una. 

Comp. — Hydrated basic sodium carbotiaie^ Na^CO^. 
NaHCO,.SH,a 

CnysT* SvsT.—Monoclinic, Com. Form. —Fibrous or 
columnar layers and masses. Ci.EAV.—Perfect parallel to 
the orthopsnacoid. Colour, —Grey or yell □ wish-w* hire. 
Lustre, — Vitreous; iranslucenl. Taste. — Alkaline; 
soluble in water. H.—2'5-&. Sp, Gk.—^2-13. 

Tests.—E fTciwesces with acids; gives water q» heating 
ID closed tube ; yellow flame of sodium. 

OccuRBEsrE. — In salrtie residues, witli other minerals 
fnrmed in this wuy, in California, Mexico, Fezzan, and 
Egypt. 
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GftrlimAiie, 

CowT.—Hjdrateijj tarbonatr of iodium snd cmlciiiins 

NaiCOj.CaCO^.SHjO, 

CfiyST. STftT.—Moqoclinjc. CPM- Fp^y.—FlaUCMd wcdjje-^apcd 
crvEtAla. CleaV.—P erfEct prismatic. Cpi-PUmr—Wbitfl, —2«3. 

Ep. Om —l.Ef9. 

TEStS.—FaiUy aolulilB iu watEr ^ Effcrveaces with arids S colnurt 
Ranif] ycttnw. 

OrTHBiES'LE.—As .1 »rini 5 fcsiduE. 


POTASSIUM MINERALS. 

Potassium (K) does not occur native^ Tfic metal is pre¬ 
pared in a similar fash’ioiv to sodium^ and its chemicai and 
physicfll properties are very like those of that metaL 
Formerly pqta^^slvim salts were procured for the most pan 
from vegetable matter^ this being burnt and the soluble 
portion of the ashes dissolved in w^ater. The plants, how- 
ever^ have in the first ini^lance procured their potassium 
from soils w^hlch have resulted more pr less from the decom¬ 
position of igneous rpcka containing oFthodas^ felspar, 
KAlSi^O^* f-Txamples of other potash-bearing' silicates 
are leucUe, KATSi^D^, and mltsc€^^iie^ potash-mien, 
KAI^{AtSi,,lO^^(OHj^. Potasfi-hcaring zeolites are n.^pre- 
sented. by tipophylltte and huftnofome. The potash-bearing 
silicates arc t1t‘SCrl1>cd with the olhtr rijck-fomiing silicates. 

The extraction of potash from such sdicatcs is a complex 
and costly process, and more readily accessible supplies of 
ootas-sium coiripounds are available in the hiUnc residues 
(ser p, 2171. The most tmporfant deposit of ihi^ kind 
is that of Stassfurt, Germany; rn this, the most importani 

potassium compound Is KCI-MgCl^.fiH^O,_ 

other potassium minerals occurring there being 
KC! , MgSO , .311,0 j polyhaltt e , SO^ . MgS0^.2CaS0, . 

2HjO, and syli'tne, KCI. A third natural source of potash 
is found in ihe mineral airtmte^ KAI,(SO^),jfOH!),jT and in 
tins i-'ikiie also ilie extraction nf potash is not a corn- 
plicated process. Sorne deposits of nitre, are of 

organic oi%in; nitre occurs also in small aruDunt In the 
sodium nitrate dt-prasics of Chile, described on p. 218. Sea- 
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water eonia^ins about 0‘0^ pi^r rent, of potassiUTH salts, and 
the recovery of such saJts supplies a small proportioui of thu' 
pntash production; similarly^ the waters of salt lakes^ such 
as the Dead Sea, contain potash salts, and arc exploited. 

The follow!ng^ gives a summary of the potash production 
tfi normal years, considered under the heads of the minerals 
exploited. Italy produces about 40^000 tons o^ 
annually^ The overwhclitilnj^^ proportion of the potash pro¬ 
duction comes from ihe sidifte residues; the German 
deposiLs yield something like ten million tons of potash smalts 
In a normal year, and France follows with about three 
niillinn tons from the Alsace dqMSitst minor amounts come 
From Poland, Spain and the U S.A. Alumte }s produted by 
Korea, Italy> Soviet Russia, and Spain. IVl^rr production 
l 3 largely from India, tvhcrc it is of organic ongm, and 
Chile, where it is of inorganic origin in the sodium Tiitraie 
deposits^ Evaporation of sea-water^ and esptcially oi the 
waters of saline lakes such as the Dead Sea, produces a 
small but increasing ainount of poiafih salts. 

The most Important use of potash salts ia as fertilisers; 
other uses are in the manufacture of explosives, and in 
chemical and metallurgical processes. The average annual 
demand for potirsh salts in a normal year appears to be 
about tAvo miUJOu metric tons of polassa^ K.O. 

Tf^sts.—P otassium compounds give a lilac flame colora- 
tioDp which ls> however, masked by sedium and other de¬ 
ments s the flame should be viewed through blue glass or an 
indigo prism, whereby dements other than potassium art 
eliminated. Fused potassium compounds give an alkaline 
reaction with litmus, hor the detection of small c^uautitic?' 
of potassium compounds in solution a few drops of platink 
chloride produce in such a solution after prolonged stirrmg 
a precipitate of minute yellow crystals of potassium platino- 
chloride, K^PtCln, 

The potassium minerals, other than Mlicates, dealt with 
here are: 
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Sulphates^ 

Nitrate. 


. Pfliyhalhe. K.SO,3!(^S0,.SCaS0^.2H,O. 
] Aluniite, KA!j{SO Ja(OH)p,, 

Nitre, KNO,/ 


S^T.\7NB, SylTitt 

Cowp.’—Fotasaitim chloride, KCI. 

Crvst* Syst. — C ubic- Com* Form. — Cube modified by 
Dctahedran; also crystalline mrtssive find g'ranular* Cle^Vh 
—P erfect cubic. Coi.our, — C dl(jur!e<is or while. Luktre. 
—Vitreous- TAftrE. — Sal in e, more bitter than that of rock- 
salt. H. — 2, St. 

Tests,—S oluble in water: lilac flame of pot ass turn; ^ives 
blue flame in the copper ojiide-microcosmic salt bead 
test. 

Occurrence.— rkrurs as n saline residue In the Stassfurt 
and other salt drpnsits. ajisoeSated with rock-salt and car- 
nallite; also around the furnarotes of Vesuvius. 


CARNALUTE. 

Comp, —Kyd rated chin ride of potassium and magnesium, 
KCl.MgCU.GH^O; chlorides of s^lum and potassium often 
present. 

Cryst* STST^-t-OrihorhornbEc^ Com. Form.—^^C rystaSs 
rare; occurs massive and granular. Cl.E^v, — None. 
Fract.^—C onchoidaU Colour. —White, hut usually pink 
or reddishj from admiature with iron oxide. Lustre.— ^ 
Shining and greasy; tra^isparent to translucent. Taste.— 
Bitter: soluble in water. hL—^Probably 3- Sp, Gr.—' l-OO. 

Tests. _^Gives ’water on heating in the dosed tube: Idac 

flame of potassium j blue flame of chloride In copper oxide- 
mlcroscosmic salt bead test; pink mass due to rnagnesium 
by heating with cobalt nitrate the residue from roasting on 
charcoal. 

OccLTiPivNCE.—Occurs Rs 3 sal’me residue at Stassfurt, 
and represents the final ^tage in the drying-up of the salt 
lake. 

Uses. — In the natural state as a fertiliser; also as a 
source of potassium salts. 
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KAINTTE. 

COHP. — Hvdrated ma^csium potassium chloridH? and 
sulphattr, KCL^IgSO^.^HgO, 

CkVST* Sv 5 T,—Monoclinic. Com. Fowm,—G ranular or 

in crusts. Colour.—W hite, H.—3- Sp^ Git.—2-1. 

Occurrence. — In the upper parts of sallric residues, such 
as Stassfurt, where It is la part due to the leaching-out of 
mairnesiufn chloride from ihc carnallite zone- 

POLTHxUJTlL 

Co^fp.—Uydrated triple sulphate of potassium, mag-- 
nesium arid calcium^ Kj50,.M|jS0(J£CaS0^-2Hj0^ 

CuYST, SvsT-—Tricltrijc, Com. Form.—I n compact 

[ameltar masses. Cololpr. — P inkish or reddish. 

Occi^PRENCE.' —\n saline residues as at Stassfurt+ where 
it forms a layer, about 50 metres thick, above the rock-salt 
layer and below the carnaJlile and kieserlte 
laver. 


Al.UNtTE, Alumstone. 

Comp. — H ydrated basic sulphate of potassium and 
n 1 umliti um ^ K.A] ^ fSO^ )^(0 H . 

Crvst. Syst^—H eisa^nal^ rhombohedral. Com. Form^ 
—Crystals uncommon, — ^ small rhombohedra with basaJ 
plane; usually found massive, granular^ fibrous and some¬ 
times cariJiv Clfay'-—G ood parallel lo basal plane. Col¬ 
our.-'—W hite, grevish or reddish. I.LTSTHt.^-Of crystals, 
vitreous; of massive ktndsi frequently dull. Fract.—O f 
crystals, flat conchoida] or uneven; of massive varieties, 
splintery, and sometimes earthv; briiilc^ —3-5-4- Fp* 

GR.^^m 

Tests.—H eated in closed tube, gives waier^ on ifiienae 
heating gives sulphurous fumes; heated with cobalt nitrate 
gives blue colour; sulphur given by the silver coin lest; 
insoluble, therefore no taste. 

OccURHENCE.—As an alteration or replacement of 
trachytes and rhyolites. In which iC forms scams and 
pockets, as In Italy^ Spain, China, New Snuth Wales, and 
Nevada, Utah and Colorado- 

—^4s a source of potassium and aluminium salts. 
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NITRE^ SAltp«tr«, Nitrmte of Potiih 

CuMPr —Potassium KXO,. 

CfrvST. SvsT-—Orthorhombic, Com. Form*—A ckular 

crystals: a Esq In aitky tufts and thin crusts. Colour.— 
Lustbi-—V itreous ; subfranspar-ent. Taste,— 
Saline and cooling. H.—2, Sr. Gfl.—2'1. 

Tests. — [,ilac flame of potassium: soluble la water; 
deflagrates on hcating^ on charcoal ; brittle. 

Occurrence* — Occurs in considerable quantities in the 
soil of certain countriesp — Indian Egfypt^ Algeria Persia 
and Spain; also occurs in the loose earth formings the floors 
□f natural caves, as in Kentucky, Tennessee and the 
Mississippi valley: as noted on p. 21R. t1ic sodium nitrate 
deposits of Chile contain some 2^3 per cent, of potassium 
nitrate, and Chile ncnv supplies considerable quantities of 
the salt; nitre is arUGclaUy manufactured from refuse 
animai and vegetable matter, which is mixed with calcare¬ 
ous soil, — calcium nitrate is thus formedt and this when 
treated with potassium carbonate yields nitre. 

Uses. — N itre is used in the manufacture of explosives, in 
metalUtrgtca! and chemical processes, and as a fertiliser. 


COPPER MINER.ALS. 

Copper (Cu) is a widely distributed and abundant element 
in combination, and is also found in the native state. The 
rpctal copper has a specific gravity of about 8 0, and melts 
at about I.IOO'" C. U Ls a comparativdy soft but extremely 
tough metals very ductile and malleable wrhen pure, and, 
next (o silver, the best conductor of electricity. 

Copper rs obtained from its ores (usually sulphide) by an 
elaborate iSeries of metaliurpcal operations, commonly con¬ 
sisting of roasting, to expel part of the combined sulphur, 
fusion iu blast or reverberatory furnaces for the production 
of a concentrated double sulphide of copper and iron called 
mnfiep and the conversion of the matlc to crude metallic 
copper in a reverberatory Of Bessemer converter. Blast¬ 
furnaces are sometimes used for ores rich in sulphur For the 
production of copper matte, or for the further concentration 
of matte from the first reverberatory furnace fusion: thr 
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^Q^me^ opcrdtiun, the smeUiog ot iiilphur-rich orts* or 
pyritic utilises the heat produced by ihe oxis^don 

□f the suJphides^ with the aid ol little or flo fueJ* Oxidised 
ores may be reduced lu a blast-furnace with coal or coke^ 
hut are best smelted in admixture with aulphide ores- It 
the case of native copper, the ore is crushed and the melaj, 
separated from its g^mg-ui: by dressings melted m some form 
of reverberatory furnace. Copper of the necessary purity for 
use as conducting; wires is obtained from the crude metal by 
electrolysis. From poor ores and residues from the pyntes 
Used in the manufaciLire of sulphuric acid, copper is obtained 
by roasting with common saSt, Icaclung out the solubSe cop¬ 
per chloride with water^ and deposition of the metal on scrap 
iron Or by clcotroly&is. 

1 he most Imporiant use of copper is in the electrical in¬ 
dustry ^ both as a conductor and for electrical machinery. 
It Lb also of great importance in the conslructlon of 
maditncry generally^ in the motor-car industry, and In 
chemicaL engineering. Copper is extensively used in the 
manufacture of alloysuch as bronze^ gun-mctal and bell- 
metal (copper and tin), brasii (copper, zinc and sotnetimes 
dn], nickel silver (copper zinc and mckel)^ and some others of 
great technical importance, such as phosphor and man¬ 
ganese bronzes (copper and tin^. with small percentages of 
phosphorus or form - manganese respectively), silicon 
bronze, monel mctati etc. Copper salts are employed ui 
Various industrial processes—the chloride is used as a dis¬ 
infectant and in chemical operations, the sulphate is 
employed In the printing and dyeing of textiles, for pre¬ 
venting rot in timber, and as a EungicLde. 

The chief sources of copper are native copper, chal- 
copyrife, chalcodte^ erubescitc, and malachite together with 
Cupriferous pyrite,—pyrite containing a few per cent, of 
chalcopyrlte; associated with copper ores arc frequently 
found the following metals, recoverable at one or other stage 
of thetr treatment t gold^ silver, platinum^ palladiurUi bis¬ 
muth, etc. Copper ores usunUy carry a very small percentage 
of copper; thus, some ore?; worked foi copper with profit 
have only 5 percent, of the metal, and perhaps the average 
copper content of all copper ore produenon is noi mrire tlian 
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2 p^r LeuL Copper ores ocxur 5n a variety ol ways;— 
ma^niaiic segrc^atioDSp m veios and lodes^ ki contact- 
mei^Emorphie depose]t5p in bedded deposits» etCi E^ample^ 
of these types are g'kven tinder the descriptions of the copper 
mineralis- 'I he sulphides of copper n'bjcb occur in depth m 
copper lodes arc converted by os^idation aod other cheiiiicaJ 
actions ifi the surface porlion to the native Tneinl, ostides 
and osy-salis (see also pp. 237-241). 

The world production of copper is atK>ut a million aod a 
quarter tons. Of this, Chik^ the Katan^]^ area of the 
Belgian Congo and Rhodesia, and the Uni ted States each 
produce about one-fifth. Canadian product ton Is Increasing 
and amounts to about onc-scvenih of the total. Other 
L^ountries producitig significant artjounts are Japan, Mexico, 
Cicrmany, Russia, VugoslavlaT Feru^ and Spain. 

Tem’s.—C opper oxides cotour the flame emerald-grecn 
when moistened with oitfic acid, and copper chloride colours 
the flame an intense sky-blue. The microcosmk salt bead 
LS blue In the oxidising flame, and opaque red in the rcduC' 
ing ffame+ The borax bead is somewhat similar. When 
beated with sodium carbonate and carbon on diaxcoal, 
copper compounds give a reddish mass, which speedily 
blackens. Dilute solutions of copper mirierals in xcids 
become deep blue on addition of ammonia. 

The copper minerals considered here arcs_ 



... Native Copper, Cu. 


r Cuprite, CiuO. 


Wenortte, CuO. 


I Chaicopyrste* Copper Pyrites 


1 i'liEeSjj. 

Sulphides 

, Chalcodtc, Copper Glance 
1 CiuS. 




Coveiliine, CuS. 

Bomite, Enibescite, Cu.FeS^. 
TctraJjfd rh c, (Cu, Fe), ,S b*S, ^. 
Teonantite, (Cu,Fe),.As,S„. 
Famaiinlte, L'UjSbS^. 

Eiiargite. C[i,AsS^. 
lioarnenlt.;, CupljSbSj. 
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Sidpkala 

Carbwmtes 

Silicates 

Chloride 


NATIVE COPPER 

Comp, — Pur^ clipper » aomeliinfrs containing a lit lie silver 

fliiid bisfnnth^ 

Crvst. Syht.—C ubic, Cow, Form*—I n frequently- 

t^vinned Crystals; often massive; sometimes in thin sheets 
nr plates, filling narrow fissures; arborescent forms arc also 
of frequent occurrence, and at limes native copper is found 
in confused threacis, Cleav.— None. Coi.dltp,—C opper- 

red. Stkeak. —Metallic and shining^ Fract, — Hackly; 

ductile and malleable. H.—S-b-S, Sp, Gh,—8'8- 
Tests. —-Before tlie btoi^'pipcT. copper fuses easily and be¬ 
comes coated wuth black oxide of copper; disEolves In nitric 
add^ and affords a blue solution on addition of ammonia. 
OccurREKCE. — Native copper occurs as a hydroihermal 
and metasomatic deposit filling cracks, atnygrdales and 
forming- partial rcptaccmcuts in basic lava-flows^ or build¬ 
ing the cement of associated conglomerates, or as a cemtjit 
in other rocks such as Mudstones, The most IqipcirtanE 
deposits of native copper are those of the Lake Superior 
region, where the copper occurs in a series of ancient lava- 
flows and conglomeratea j the native copper Is found in the 
3mygdaloids^—the volcanic rockSj—in the Calumet con¬ 
glomerate, and in deposits of vein tj^pe of metasomatic 
origin. Its origin is a matter of discusston^ but possibly 
it is derived from the basic volcanic rocks^ Native copper 
occurs associated with a basic intrusive rock at Monte 
CaTini, Italy, Native copper also occurs tn the upper part 
of copper lodeST — "^hr leone of weaiherrng, and rich but 
mostly small deposits of this type have been worked. 
Use.—As an ore of copper. 


Chalcanthite^ CuSO^^btlgO# 

I Malachite, CuCOj,Cii(OH)5, 

1 Aj£uriie, 2CuCOa,Cu(OHjj. 

^ Chrysocolla, CuSiO^.SK^O. 
ii nioptase^ fl gCtiSIO^, 

Aiacamjite, CuCla+ 3 Cu{OH)i, 
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CUPRITEp Red Oiide of Copper. 

Comp. — C opper oxade^ Cu^O; copper 88'S per ctnt- 
Cryst, Syst.‘ — C ubic. Com, Form.'—C rystal5 sbovvio^ 

the octahedron and rhombdodecahedron t KHEetimes 
massive or earthy^ and occasionally capillary- Cleav.-^ 
Not good^ parallel to facts of the octahedron. Cot-ouk. 
Different shades of red^ especially co€±Lneal-red* StheaII- 
—Brownish-red and shining. Lustre.^—^A damantines or 

submetallic to earthy; subtransparent to nearly opaque. 
Fract.— Conchnidal, uneven; brittle. H,—3^5-4, -Sp- CiRr 
— 5 ' 8 - 6 ' 15 . 

Tests, —Before ihe blowpipe^ colours the flame emerald- 
green; on charcoal fuses to a globule of metalLc copper; 
with the fluxes gives the usual copper reactions; soluble in 
adds. 

Varieties.— J?iiby Cofp'cr, crystallised cuprite; Ti7e 
R red Or reddish-browo earthy ’ratietyi generally containing 
oxide of iron; (TjtaJcfjfficJiite (Greeks chfl/Jioj, copper and 
fhri.v, hair), a variety conaiatuig of delicate, straight, inter¬ 
lacing fibrous crystals of a beautiful cochineal-red colour - 
OccuftREKCE,’—Occurs in the zone of weathering of copper 
lodes, as in Cornwall, Chessy (Franee]i, Linares (Spain)^ 
Lake Superior, CbitCp Peru, Eurra Burra (Australia). 

Use, — A s an ore of copper. 

TENORITE, Melaccmite^ 

Comp. — C opper oxide, CoO; copper, TSl So per cent. 
Com. Form, — Ck^euxs mostly in a black powder; also in 
dull black masses, and in botryoidal concretions; sometimes 
in shining and flexible scales. H.—^3-4. Sf. Gr* — 6'£b, 

when massive. 

Tests. — Ghes the usuaJ copper resctlnns with the fluxes, 
but is Infusible alone in the oxidLslog flame; soluble in acids. 

OcctruiieiflCE.—In the zone of weathering' of copper lodes. 
Abundant in the copper mines of the Mississippi Valley and 
in Tennessee, LLS-A^* vrhere it is workedr 

CHALCOPTBITE. COPPER FTRlTES. 

Co^^^p. — Sulphide nf copper and iron, CuFcS^; coppt^r, 
34 per ceni- 
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CkYsi. SvsT-—^ I ftraj^urtiiL Com. FuatM, — Crystiits ott<:u 
refe.rtible thos-e of cubic typt; uedge-shaped forms arc 
also common, and the crystals are frequently tTs^inned; 
ilLnerally finmil miis>;ive. Cu I.Ol-k,^—Brass-yeSlow^ iVe- 
queirtly with a tamishp which is soteetimes IrEdesceni. 
yTRtAR.—Grcenlsh-hlack^ very :^li^ht]y shining;- Lustiiii 
— M etallic: opaque. Fuact.—^ onchoidah uneven. H.- 
S 5-4. Sp, Gh-—4-14 [J. 

Tests, —Decrepitates when heated in the closol tube and 
^ives a subhpiate of sulphur; before the blowpipe on char¬ 
coal, fuses to a metallic ma^etic glubule, and g:ives off 
sulphurous fumes; whh duxes, affords reactions for t>oih 
Copper and iron; chalcopyTite may be dLstloguishcd from 
pyrlte by Us inferiur hard ness, duilcopyrite crumbling when 
cut with a knife and pyrite resisting the attempt to cut it, 
—pyrite emits sparks when struck with steel, thaioopyriie 
does not; the powder of pyrite is blackp of chalcopyrile 
greenish-black ; chaJcopyrite may be distinguished from gold 
by Its hfittlp nature and its non-malleability, gold being soft, 
malleable and easily cut with a knife, — cliaicopyrite j& 
soluble In nJtrlc acid, gold is not. 

Occurrence, — Chalcopyrite is the principal commercial 
source of copper. It occurs in a number of ways. Mag¬ 
matic Regregatious of chalcopyrite are known, hut are not 
important^ PoeumpialytiC veins w'ilb chalcopyrite occur in 
Comwalb Norway, Oregon, South Australia, Chile. An 
important mode of occurrence Is as hydrothermal or meta- 
somatic veins, as io California, Montana, Arizona, Alaska 
!^nd Canada, Pyrometaspniatic deposits are important; in 
these the chaicapynte occurs tvith other sulphides and skam 
minerats at or near the contact between bodies of intrusive 
gTarn.KllL>ritic riH‘k and limL^tooe; rxmnpleR arc Clifton- 
Morenrli and Bisbee, AriZim^i; Hiiighaiti, Ftah; AlaskiE, 
(.anuda^ Australia, Japun and Korea. Chalcopyrite; asso- 
risitiM With the dominant Ixunite, occurs in ihe famous 
ivupfersehiefer of l^ermiun at Mansfeldt Geniiany^ 

wPiere the copper minerals occur as grains in a sfiale; the 
copper minerals are possibly of sedimentary origin and were 
depiosited at the same time as the shale; they have most 
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likely rc^ulud from ihp reduction of copper sulphates by iht 
aciion of decayin^ ^ tgctaiioil- 

CHAIvCOClTEy Coptw Glance^ Redrutbite* VitreDOB Copper 
Ore. 

Cowt*.—Copper sulphide, Cu^S; copper 79'8 per cent.; 
traces of iron are usually present. 

CkVT>T- SvST,— Orthorhombic- Com. Korm. —Crystals 
eojiihinaliofiii of prism and pinHrulds, twinning: frirqueniLy 
giving a stellate grouping pf Lhree Individ iials; us natty 
massive^ 3.a^ with a granular or compact -itructure* CreAV. 
—Poor prismatic^ Colour. — Blackish lead-grey; often 
with a bluish or greenish tarnish. Streak^—S ame as the 
colour; sometime^ shining. LuSTfita. —-Metallic. Fract.— 
Concholdah H.—2 5-3- Sp. Gr*— b-5-5"8- 

Tests-—H eated on charcoal, bpili, and ultimately fuses 
to a globule of copper; Eoluble lo hot nitric add, but leaving 
a precipitate of stilphur; ptiier reactions for copper are 
given K 

Occurrence.—C halcocite is a very valuable copper orCi 
[t is formed by the alteration of primary copper sulphides 
in the ^ne of s-econdary enrichment, often through I be 
agency of meteoric w^aters. ft occurs in veins or beds 
associated wllh otJier copper minerals, as in Cornw'aUt 
Siberia^ Kongsljerg (NonvayK Mont* Catinl (luty), Mexico^ 
Peru, Chile, United States, and Northern Rhodesia^ Chal- 
Crocite ** blanket^ ** are of secondary formation due to the 
alteration of original chalcopyrlte deposits by descending 
ivalersj the very important porphyry Coppers belong to 
this h’pe of depofit. Cbalcocile forms nodules in sandstone 
in Oklahoma. 

CO% ELLlNE* UOVELLITK 

Come.—C opper sulphide, CuS; copper 66 4 per cent- 

CnvsT. SvsT.—Hexagonal- Con* FokM.—Crystals hexa¬ 
gonal plates t Usually massive- Cleav,^—P erfect basaL 
CoLOUk.—Indigo-blue. H.—U5-2. Si*- Gr.^—4 0. 

Occurrence.— Occurs at many localities in the zone of 
secorLilary enrich meat of copper lodes, etc. Thiis zone Is 
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situnted between the gossan and the uoakercd looi;, and m 
it occur products of the chemical reaction bemeen the 
□riginaJ velft-stuJT and descending solutions, and it often 
forms the richest part of the lode, 

BOBtHTE, EBUBESCITE, Varie^ted Copper Ore. 

CoMj'.-^SyJphide of copper and iron; the compos^ttlon 
varies, the ratio of iron and copper being; expressed for the 
average hv llii‘ loniiula, Cu-FeSj. 

Crvst, avsT.^:ubic. Com. Form.—C rystals showing 
Cube and octahedron known, but most commonly massive- 
Colour.—C oppery red or pinchbeck brown; tarnishes 
speedily on e^xposure and becomes Lridescept [Peacock Ore}. 
Streak.—P aJc greyish-blacky and slightly shining. Lustae- 
— Metallic. Fract.—C ouchoidal, imtven ; brittk. Hh — 3. 
Sr. 

Tests- — Heated in open tube, yields sulphur dioxide 
fumes, but gives no sublimate; fuses in the reducing flame 
Co a brittle magnetic globule: soluble in nitric flcid, leaving 
a deposit of sulphur ; characterised by its tarnish and by the 
red colour of fresh surJat^cs. 

OccirpRExcE. — Bornite Ls a iraluable ore of copper, Jt 
occurs as a primary deposit in many copper lodesp and as 
a constituent of the of secondary earichmcnl of these- 
It Is found in some of the Corniah mines, where It is known 
as haF 5 t.^B^sh ore. In many occurrences, bomitc is closely 
a-^sociated with Igneous magmasi appearing either as mag¬ 
matic segregations Namaqualand) or as rather later 

deposits connected ^vith pegmatites or cnd-siage consolida 
lion. Bornite forms velus wnth quartz, or with quarlsc and 
chalcopyrite. Finally, it is Uie dominant constituent of 
the syngenetic sediTnejitary copper deposit of the Kiipfcr- 
schiefer Mansfeld, l irmianv, rtdVrred to on p. 231. 

Sulphides of Capper, .\rsenic and Antimony—The 
“ Grey Coppers."* 

The^ sulphides form a clo:seiy related .series of minerals, 
the members of which usually occur together and are con¬ 
nected by transitional ty'pes of interinediaie composition+ 
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The tliief members are :— 

'iVlrahainh'. {Cu, I"t)^Ij,S, 

Tcnmintitr, iCu,F('l,.As^Si 
Fri iTiij t iiu'i I*, Cug SbS ^. 

Emi rjfift', CUj AsiSj. 

Titese minerals iKCur associated w^hh other arts of copper 
in A eins j-ttid rcpbiceinc-ni-rEoprisits; tH^ononiicikKy jnipo^rtfltit 
deposits are ihosc of Sngth AmcriCxi (CEiile, l*mi sMid 
Arg^entine) and United Stales (Bntle, ^^a^lana]. The^e 
ores nre often ittifxjrtant ng .ganrees of inetaEh other than 
copper; for instancej the Butte deposits produce copper^ 
silver^ ^Id, lead and zinc^ 

TETHAH EDRlTE^ Grej Copper, Fillers, 

CoAjp. — Sulphldi- ipf copper liipiI Ji,nrkint>ny+ {CUjFeJij. 
; part ol rhe copper t»fieii rtplaciHl hy iron, 
zincp silver^ or Qjercury; pan of ihc aoiimony is often re- 
plac^il by arsenic, seldom by IjkiiiLHh. Tetrahecirlte some- 
lirnes coniHins 3tl per cem. si Ever in place of part of tfic 
L'Lippt^r, and is then r^lEcd urgeiiiifcnnis g^rny t;of>prr 
silv&r fahlers or fnibergiU; this variety is more of the 
nature of slepltaiiite (ji, 2A^f\. 

CnvsT. Si'ST.—Cubic, Tetrahedritr Typtr (.nee p. ai j. Com. 
Form, ^ Telraliedrul i rysittk, tlguiiliy nuMlified uitil jre^ 
quentiv twinned ; mub^sue with a compact, ip'anQlar^ or 
crypt-iicrystaSrtJie struct uric Coi.oirR.—Between gtt?d-g-rcv 

and iroo-black. Si heak.—N early the saituj as the colour. 
Lustre. — Metadie; opaque, but very thin splinters are 
^ubtranslncent and appear cherry^^red by transmitted lighi. 
Fract.—S ubconchpidal or uneven; rather brittle H 
4-5. Sf. Gii.~4 5^-J, 

Ta^rra. — This mitierai varies in its chemical behavLoui 
according^ to the different substancea t^hlch the varieties 
contain; in the dosed tube they all fuse, affording a deep 
red sublfmate of antimony sulphide; in the open tube, 
tetrabednie fuses and gives off sulphurous fumes, and forms 
a white sublimate inside the tube; the mercurial varieties 
give minute globules of quicksUver; on charcoal, tetralie- 
dntefir^esand. mvording uu l onMiTucnls present, vield^ 
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white eEc:rirjtatiGii5 of antimony oxide^ arjeoic oxide or eIjul 
Q xJdCf or a yeUow enerustatioD of lead oxides ’— the zinc 
cncruslailt^ii becominj^^ j^ret'n when nipi!;lenuH ndth cobalt 
nitrtitc :ind rcl’witcd I hesded bcfcirc iJit blowpipe wilh 
sodium carbon ate K tetrabedritE yields scales of metailfc 
copper j tetrahedrite is decomposed by mtric acid, — ar^tilc 
oxidfp antimony oxide and sulphur remaining. 

Occt^ifiiJiNCE,—Occurs associated with othei ores of 
copper^ and also with si derite, galena and blende (Idaho and 
British Colombia). Localities for tetrahedrite are Levant 
(Cornwall), Andreasbcrg (Harz), Freiberg" (Saxony), Pri- 
hram (Czechoslovakia) ^ ChBe, Bolivia, and Arkansas and 
Colorado (U.S.A.). 

TENKANTITE. 

CoAii'. —Sulphide of ooppvr and nrsensc, (Cu.l-'eJiyAs^SpB j 
often coniikLUi^ nnliKO^niy, causing it to grade low^ards tetra- 
hedritt* 

CnvsT. Svsr.—Cubic, Tetrahedrite Type^ Com. Form.— 
Ictrahedral crystals; usually massive and compact. Col¬ 
our.— Blackish lead-grcv to Iron-black. H.—3-4 ► Sp* Gr. 
^■374 49. 

OccLiKRENCE.—Occurs associated with other copper ores 
in Cornwall, Freiberg (Saxony), Colorado^ and Butte, 
Montana. 

Familinitv. 

rnKr,'-Sulphide uf cMpi-iri :n!it antiipfiny, 

Foiu.^—iBOincrp^OMS wiUi timrgitfi. CoJ-OUi.— Gieyish tu ttspper- 
red. 

□ccnu4?^cr^,—With in the v^ice ci the Sitiira Fudaliut, 

ArgentiDB, Bud other Sauth Americar] deposits. 

ENARGITEL 

CcKMF* ^ Sulphidt' nj copper and nrsenlc, CugAsS,; 
antimony is often present, when the mLoeral grades Into 
famatinite. 

Crvst. Syst, — O rthorliombic^ Com. Form. — U snaljy 
occurs massive and granular ; small crystals are known and 
are often repeatedly twinncdi Cijeav,—G ood prismatic. 
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Cdlqur,—^ reywh-black to iro/i-black^ Lustre,—M etaJEc. 
f'l .—3- Sp* GR.^-4'43-4"45d 

Tests,—H eated on izharcaaj fusics and yields encrusta¬ 
tions of oxides of arsenic^ and us ually of an time nv and 
maybe zme \ in open tube gives sulphur and arsenic fumes, 
and forms a white sublimate of arsemc oxides wiih fluxes 
yields a copper residue. 

OccL'tiijENCE.— Ai\ important ore of copper in the South 
American copper veins of the Sierra Famatina in the Argen* 
tine^ and in Chile and Peru; occurs in abundance with other 
ores of copper In veins in monaonlte at Butte, Mctitana. 


BOUfiNONlTE, Wke^l Chre, EndeUinnile, 

Cqhp, — Sulphide of copper^ lp*d and antimony, 





CuPbSbS,. 

Ch VST, S VST.~0 f thorhombic. 

Com* Fomm. — M odified prisms» 
often tw^^Lned^ prodncmig a cruci¬ 
form or cog-wheel like arrangc- 
rnentji whence tlie name wheel 
ore, or Hadehr^j. given to it by 
me uermao miners (see Fig, 9f5); 
also occurs massive^ Colour- — S teehgrej or lead-grey, and 
sometimes blackish. Streak*—S ame as colour + Lustre.’— 
Metallic;; opaque, FRACTr^-ConchoIdal or uneven; brittle. 
H —2 5-3. Sp. Gh.—ST-B G. 




-BciurniHiJ Tti, 

Ore* 


Ulirtl 


Tests. —On charcoal^ fuses easily, giving at first a white 
encrustation of antimony oxide, and afterwards a yeBow 
one of lead oxide; the residue heated w'ith sodium catbonatt^ 
on charcoal yields reddish flakes of metallic copper. 
Occurrence, — Occurs with other ores of copper; fir^t 
found at St. Enddlion in Cornwall; also occurs at KapnJc 
(Transylvania), Clausthal. Andrea^berg and iVeudorf (in the 
Harzh Chile, Bolivia, etc. 


CHALCANTHTTE, BLUE \TrRlOL, CyajioKite, Capper VitriuL 
CoWP.—Hydrated sulphate of copper, CuSO -BHjO; 
copper 2B‘4 per cent. ^ 

Crvst. Svst.—-T ficljiiic, Cobi. Form^—^I n flattened 

crystals; also compact ina&stve, stalactitic, and encrusting. 
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ColoURx—S ky-blut, grf^nish- Llistpe- %'ttre- 

ous; sublrans^parcnt to trafis!uci:nt. Fract.—-R aihrr 
brittle, Taptk-—N austoU!^ and mctaJlic. — 2'b. Sp. 

OR,—2i2-2% 

Tilsts*—H eated in the dorscd tube, ^ives watery soluble 
in water, the solution coatlnj^ a clean strip of iron with 
metallic copper^ — by this means much copper may be pro¬ 
cured from the water pumped from copper mines; heated 
on charcoal w^th sendium carbonate and carbon» cbalcautbiic 
yields metallic copper, 

OrLT'kaE>iL-R,—Clia1i:?inLliUe rcfiLih s troin the ntteration 
ii-l rhalcopyrite and either irtsjipef siilphjdi?St and occiir> 
therefore in the zone of weathering' of copper lodes, as in 
Cornwall and in the RamrtiEl&bergf mine in the HarZg etc* 

Brochonl/^ii^e or Warin^ionile, and Lctftj^ite are other 

hvdratcd sulphates of copper^ oi 
an emtiraUI green colour* and 

OOTurringf In copper goss-ans. 



MAI.,4€U1TE. 

Com T%—Hydrated basic car- 
Fi^. ^ 7 , —Malachite, bonate of Copper, CtiCO^- 

Si^actiiic. Cu(01rl)jj copper 57’3 per cent. 

Chyst. SvsT.-Monoclmic, Com. Fofm -Gommotiiy 

occurs massive, encrusting-, stalactitic or sta agmi ic, an 
with a sniDoth mammillatet] or botryoida] surface (s« Ftg- 
'JTl; internal sLruCiure ofien iliverg^enth lihniLis and corn- 
pact; also occurs grannUr and earthy. CoroiJit. ngA 
green; different shades of the colour often follow a con¬ 
centrically banded arrangement. SthESK. Of ® * 

stallised varietv. paler than the colour. LrsTHis.—blightJy 
silky on surfaces broken parallel with the fibrous structure; 
sometimes earthv or dull \ ibe crystals have an s aman ms 
lustre inclining to vitreous, and they are translucent to 4 u 
translucent; in the massive, mammillated, stakctitic or 
stalagmitic conditions, the mineral is opaque. H—d‘&-4, 

Sp. Ch.— s-a-i, „ . 

Tisis.—Heated In dosed tube. It gives off water a^d 
blackens; dissolves with effervescence ui acids; before thi* 
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btoMpipe, alone, fusee and colours the Baoae emerald'^recn ; 
on charuon) reduced to metallic cupper i coloui-s borax bead 
gmn. 

Oct uhke^ce.—M alachite is found in the zone of weather¬ 
ing or osidation of copper deposits, lodes or other types. 
Some loiahties are:—Kedruth (Cornwall), Chessy (France), 

* *r h* Burra Burra mine (South Aus¬ 

tralia), Chile, I ennsvlvania, Tennessee. The colour-band¬ 
ing mar ‘5 le successive deposits of the mineral which has 
«ses resulted from the percolation of walur 
i*® topper-beanng rocks and the subsequeni deposition 
rir.n 'h 'Solved carbonate [n fissures or cavities, the solu- 
tion haying apparently dripped ]□ slowly, and the water 
forming a series of layers in the same wav 
that slalachtes and stalagmites are formed bv the percola- 
^rou&h limestone; very large masses of 
malachite have ^cn procured from Siberia and Australia* 
The orost remarkable deposit of malachite is probably that 
of the Katanga region of the Belgian Congo and the 

abSiTrouarter this fiefd produced 

malachhrnrb in 1934 ; the ores are 

malachite other ores of the oxidised zone, such as azuritt 

hrysocolla, melaconite, chalcociie, together with at some 

thm'i^h^'" disseminated 

through sedimentary rocks such as dolomites dXmmc 

SenfuiTwMSlIsandstones, and probably repre- 

Ztl sb« disseminated 

neposit, since chalcopynte and other sulphides have been 

encountered at depth; opinion on the ori^n of tEroriTis 
divider^ _ one view is that they are due tfemaEadEns frol 

mInmToTSn. ^ 

cut^l'd^^Sand u\ed 

A2URITE, CHESSYLITE, Bltie Carbon^ti^ of Copper* 
n ~~ t^rbonate of capper, 2CuCO 
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Crvst. Syst. — Mdnodlnic. Com. Form. — Modified 
prisms; usuaJIv massive or earthy^^ Colour.—D eep azure 
blue, whence the naxne. Streak. —Blue, but J%htcr than 
the colour. Lustre. — Of crystals, vijrreous verg'inj^ ort 
adamantine; crystals are transparent to neafly opaque, 
massive and earthy varieties are opaque^ Feact*—C on- 
choida!; brittle. H.—3-5-4^ Sr. Gft.—3-7-3'a. 

Tes i s,—A s li ir nialuL'Iiite (see p, 21^7); disMnyinshe^I Iram 
malachite by its aiure-blue colour. 

OccuRRE?;c^. — j'\jKuriic is found associated with oTher 
ojiiidised copper minerals^ — malachite, ettp. In the ?one of 
1%‘eaEbenng' of copper lodes and deposils; when oocurring' in 
sufficient quantity, it is a valuable ore of copper; some 
t^lities are:—Redruth |Corni.vall1, Chessy (France)^ 
Katanga, etc. 

CTJRYSOCQLLA. 

Coup.—Very variable frnni the presence of impurities. 
Ukit if iij; cssencially a hydra led silifi^U- of copper, CuSiO^. 

It is some limes considered to contain a variable 
□mount of free silica, and some specimens are sufficTentJy 
hard to scratch glass and to be cut and polished for 
jewellery. 

Com. Form. —Amorphous; usually occurs in encrustations 
Or in thin scams; botryoidal and massive, with a compact 
and enamel-like texture. CoLOua.—Bluish-green, sky-blue^ 
or turquoIse-blue. STnUAR.—White w'hen pure. Lustre. 
—Vitreous to earihy; translucent to opaque. Fract .— 
Conchoidal; rather sectlle; brittle when translucent, H_— 
2-4, see under composition, above, Se. Gr.—^2-2-2. 

Tests. — Heated in dosed tube, blackens and gives off 
^ater; before blowpipe^ infusible, but decrepitutes and col- 
ours the flame emerald-green; w-rth sodium carbonate on 
charcoab yields metallic copper; is decomposed by acids 
Without effcrvesence, w-hich serves to distinguish it from 
malachite, — it is nos. however, completely soluble; with 
the fluzes, it gives the usual copper reactioni. 

OccurRE.NCE.—O t^rurs in the zone of weathering of copper 
ludvis and and when tuund m siilTirlvtn qusmtity, ii 
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cort^titutes a copper ore of some value^ and h easilr ce- 
duced when mi Ted whh. limtstonc^ il wldom, however, 
yields more lhan 10 per cenL copper; localities arc:^— 
Lizard (Cornwall)^ Schneebcrg; (Saxony K Knpferberg 
f6avar'ta|» Nkhnl Ta^ilsk (Siberia)^ Adelaide (South Aus¬ 
tralia)^ Chile, United States, and Katanga. 

Diuptasf, Emerald Copper^ 

t;okP.—Hydrous “iilicite af fopper. HariiSiO*. 

CirST, —HET&ccsnAl. Thnmbnbedral. foif, FnpM.—Crv^ala 

ccmbini-ticiTis nf priFirn and rhoraboTitd ron i inmrlimp^ fnnnd maKP*w. 

—Perfect rbcrmtinhGdiniL COLUlTt. —KmcraJet-^rKn. STJJtiX. 

—Green. l.CSTti.—V’ilr^nss tran'rparcdl to snbSfawlncent, FTaCTI 
“Ccnctaidsl or nneveii ^ britlle. H.—-B. S?. Ca.— 

Tim.“Re3ermbttB chmocolla iti its feart^ons, bus differ from il 
In yieldinff ^cJatiiDoiis ^ilira ^tiea din^lvet^ In hydrnrhloritr Bcld. 

CiccmrsKVCK.—Tn rhr jeooc of w^stiherinR nf copper todea, *s io 
Chiie^ Siberia ttid Arittmai dioptitSie, from ita iBrity, is a! do in43ij5' 
trial impcsrluo. 


ATACAMTTE+ ReniDliaftfc 

CowPx — Hydra fed oxy-chloride of copper, CuClj. 
3Cu(OH)^; copper 50-4 pcf cent. 

Grvst. Svst.—O rthorhombic, Com. Forii. — ^P rismatlc 
crystals not cornmon; frequently massive and lannellar. 
CoLOL'Tt.' — Bright deep jjreen to blacklsh-^reen^. Stkeak. — 
AppEe-g-reen* Lubthe, — A damantine to vitreous; tranaln- 
cent to subtranslLicent. H.—3*-3-5. Sp- Gr.—3'76. 

Tksts, — H eated in closed tube, gives off water and forms 
a g^rey sublimate; easily soluble In acids; on charcoal fuses 
in time to metallic copper, colouring the flame azure-blue 
(dhloridel, and forminj^ a brownish and greyish-white 
deposit on the charcoaJi which volatilises in the reducing 
dame, again giving an azurc-blue coloration. 

Occur RENTE.—Occurs in the zone of weathering of copper 
lodes, especially when this wiiathering has been effected 
under desert-conditions; occurs at Botallack Mine, St. Just, 
Cornwall, Los Remo Finos and the Atacama Desert, South 
America, and at Linares^ Spain, and Burra Mine, South 
Australia. 
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Some Other Mineral)!! of the Oxidised Zone of Copper 

Lodes. 

McntiDD mav be Easidc of a f*"*' of ibe- niajiT bydtaled oiyisltfl of 
capper that atccunpitiy ilte more abiindaiit mintra-h of ttvia typ« 
rcadT described. Lt^ftAtn£U—A hfdraicd pbMpliale of copper, 
4Cu^).PjOft.BjO, fif a dark gpreen CMQUr, occarring boSb 

crystillited AUd massive in Cornwall, Hungary, Xh& Urala, etc- 
P^ 0 tpA^{-^di^iif€M t>r Pjildsiamaiiukiie.—A hydrated pbospliaie 
capp€r, flCu0.F|6i-.lM,0t nf an enserajd or blactl^-graan coRmiT^ 
SOinatinses ^ryslaULsed, hnt mosdy encrusting and n^aasive. H.— 1-5-fi. 
f! 15 fpond near flann on tbc Rhine, in Hnni^ary and Cornwall. 
fJri?£ 0 niir— 2 \ hydrated arfrctiatfr of aluminium and copper, TAriabk 
in comfroffitiani' inOD-OOlmtC; colour, slcy-hlue or vErdi^rLan-erten. 

— 2-.^; wenrs in Corn wall, Hnngary, etc. CUnv^IoFf and 
arE also arsenates ol coppor, 

SILVER IVnNERALS. 

SiU^r {Ag) occurs in nature in the free state, occasiGaany 
99 per cent, pure, but generally cantaiTimg copper^ gold and 
other metals. It is a white metal which, next to gold, Is 
the most malfeabJe and ductile nf all metals. Its specihe 
gravity is ll>n., and U'^ melliiig' polni is nearly liUO C. It 
is unaltered by dry or moist air* Silver ocxiirs also as 
sulphide, sulpho-salts, a.rsenlde, antimonidc, and chloride» 
and also associated with ores of lead, zinc, copper and other 
metals- 

Thcrc are twtj main classes of silver ores. The first h the 
dry or jplrceouj ores which are mined primarily for their 
silver content^ — the silver ores proper- But the greater 
part of the world production of silver is derivTid from the 
smelting of mctalltfcrous ores, such as those of lead, copper 
and zincp which contain a small percentage of silver, — these 
arc the argentiferoiw lead, copper, or line ores^ 

Silver is recovered from it55 ores' chiefly by amalgamation 
with mercury, ehlorirLation, or by cyanidationi but the latter 
process is not applicable unless the silver is present In a very 
finely divided state, as sodium or potassium cyanide acts too 
slowly. Silver and gold are recovered together in the form 
of an alloy, which is afterwards refined or “ parted," 
Silver containing gold it? called dore silver." Re- 
lincd sih'cr lUhLialTv izoniain.s from IKJ7'5 Ui 999^0 parts nf 
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silver per InOOOi — pure silver beln^ IpOOO fin#* On the 
[.ondoTi market the price Is quoted in pence per standard 
Mimcp troy, fl^rT finc^ wlilcli \mls thu sinnpJard alloy employed 
In Hntjim I’orcnln, phitc and jfcrwdlery. 'Lhr stiver cainajLjc cf 
[niji^ii ollirr fiiiitUrics U'jiis rnllujr Ixdow tin:. Hrilish sU^ndard, 

and. In 1620. Britain isstaed silver coin-age of a fineness of 
only 500. 

The addition of a small amount of copper produces an 
alloy having a lower mdung- pointy a greater hardness and 
alTordbg- a sharper casting than pure silver. The great 
uses of silver are in coinage^ plate and jewellery; minor 
amounts are employed in electro-plating; silver salts are 
used in medicine,, photography, for colouring glass and for 
various subordinate purposes. 

The average production in recent years of silver has been 
rather under 200,000,000 ounces^ Of this, Mexico provides 
about one-third, followed by the United States with about 
one-seventh, and Canada with one-fourteenth; about one- 
fifteenth of the annual production comes from Europe, and 
somewhat similar amounts frtwo South America and Aus¬ 
tralasia ; relatively small productions are supplied by 
Belgian Congo, India, Japan and the Transvaal. It i:s In¬ 
teresting to note that of the total production of the United 
States in 1033 It is estimated that O S per cent, came from 
alluvial deposits, 17'3 per cent* from silver ores proper, 22^8 
per cent, from copper ores, 21’5 per cent* from lead ores, 
23'S per cent, from lead-xinc orea and 14-8 per cent, from 
copper-lead and coppcr-lead-zinc ores; in 1612, 41 per cent, 
was obtained from sliver ores proper* 

StIvct ores occur as veins^ replaccment-depnsitSp contact- 
mtramorphic deposits or ^ alluviaU- The most important 
primary ore is argenlitd, Ag^S. The upper parts of silver 
deposits or lodes are w^eathered with the production of 
cerargyrite, AgCl, which h often accompanied by broniyrite, 
AgBr, and lodyrile, AgT; in several cases of such gossans, 
cerargyrite occurs above bromyrite and below this latter 
comes iixlyritc- Below this haloid zone there in mnnv 
silver lodes a zone of secondary enrichmeot In which native 
silver and rich secondary sulphides are developed ; below 
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this ZDM comes tbc primary deposits \a Mi^bich the ore is 
usuaLly much poorer. 

Tests. — Silver coiiipounds* beatctl with sodium car¬ 
bonate and charcoal on charcoal, give a iUv&r-white bead; 
this bead is mallcablep and does nqt tamish. Hydrochloric 
acid, added to a solution of silver in nitric acid,^ produces a 
dense white precipitate of silver chloride Avhich is soluble in 
amnrtonla^ — silver beads obtained by fusion w^ith sodium 
carbonate may be tested in this way. 

The silver minerals considered here are :^ 


Element 

Sulphide 


Complex Sulphides 


Telluride 

Chloride 


... Native Silver, Ag. 

x^fg-entite, Silver Ql&nce^ 
j .Sii'jdismite. .\g^StrS ^. 

I l-'yrEirijjTiti-, Ag,SbS,, 

I FroListlte^ 

. . ■( Frcicslebcnltet 

J^iilvhasjit% 

i (Ag,Cu),„lSb,AsKS,^. 

... Ilessitc^ Ag-Te. 

... Ccrargyrite, Horn Silver, 
AffCI. 


NATIVE SILVEH. 

Comp.—S ilver^ Ag, but usually associated with ii are 
small amounts of other metals* such as copper^ gold^ mer¬ 
cury, platinum, bismuth, etc. 

Cmvst. Svst.—C ubic. Cow. Form, — D istorted crystals j 
mostly found filiform* nrhore^eat or massive. CauoilB.— 
Siiver-whlte^ tarnishing readily. Stjie.yk,—S ilver-white^ 
and shining. LL’5TRE. — xMeta]l'[C+ Fr^ct. — H ackly; sectilt, 
malleable and ductile. H.—^£-5-3. Sr. Gr.^— lO'l-ll K 

T'ksts.—S ot Lillie in nitrk* ncid,—n clean pli^rr: nf coppjr 
immersed in the solution becomes coated with silver^ and a 
pinch of common salt or a drop of hydrochloric acid when 
added lo the solution throws down i white precipitate of 
silver chloride, soluble in ammonia ; before the blowpipe on 
charcoal, silver fuses readily to a silver globule which 
crystallises on coaling. 
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OccUHiiEKCfi.^—Native silver qceurs in tlir upper parts of 
silver sulphide lodes below the chloride capping, and is often 
concentrated to torm rich deposits^ as io MexlcOj the Com- 
stock Lode tNevuda), Broken Hill (N*S»VV.J^ Penip and 
many other silver-miniJig districts. Primary native silver 
occurs In strings and veins with silver sulphideSp — one 
group of such deposits Is exemplified by that of Kotigsberg 
(NonA'ay)^ where large masses of silver have been found; in 
this and allied deposits (c-g- Andreasberg In the ICarz) the 
formation of the silver is connected with Etolitisationp Uiat 
is, the depositioD of the zeolite silicates by heated waters 
passing through the rockSp Jn another group of primary 
native silver veins the metal oc:curs in cobalt-nickel veins^ as 
at Annaberg |Sa?i;ony) and Cobalt {Ontario^ Native sdver 
is assexiated with native copper In the Lake Superior region 

.VRGK>'T1TE, SILVER GLiVNCE. 

Comp* — S ilver sulphide^ silver 8T1 per cent. 

Crvst. Svst.^—C ubic. Com. Fomm* — C rystals show cube 
and ociahedron, usually distorted; also occurs reticulatcdi 
arborescent and^ most commoniy^ massive^ Colour^ — 
Blackish kad^g-rcy. STREAit.—4same as colour^ and shin¬ 
ing. Lustke. — M etallic; opaque. Fraci.^—S malb subcon- 
choidal, Or uneven; sectile. H. —2-2^5- Sf. Gk.— 7^1&- 
7-3<i. 

Tests. — H eated in open tubc^ gives off sulphurous 
fuTiics; on charcDal^ in oxidising dame, fuses w'ith in^ 
tumescence^ gives off sulphuroLis fumes» and yields metallic 
Silver; soluble In dilute nitric acid. 

OccukfiENCE. — ^ArgCntUc is the most common primary 
ore of silver^ It occurs in small quantity in the sedimentary 
Kiipferschicfvr nl Mansfcid, Gi-nnany p. 231L \i^ 

rtiain occurrence is in various types of veins; argEntlte- 
veins, in ivhich it Is accompanied by stephanite and poly^ 
basitc, in propytltlsed volcanic rocks are imporkant for 
Mexican silver prodiJctiDa; argentitti assorlated with 
galena and bU'nde, -i.M.-i iirs in I'vins in the Siin Ju+m mininir 
district of Colorado; gold-bearing argentite-quart; veins 
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are common, Kocdl^tics .being Tonapah (Nevada) and tlae 
famous Conij^lock Lode of Nevada; rimtaqemcnt-veins 
carrying argi-niilc arc typified by that of Portiand Canalp 
British Columbia. Arg^entite acCDmpanie& native silver In 
the cobalt-nickel veins of Cobalt (Ontario] and Annaberg 
(Saxony) p and in die silver stringers of Kongsberg 
(Nqrway)^ and in many German veins, 

STEPHANITE, Brittle Silver Ore. 

CfJMi' — Sulpliide of aiU^vr misi antimony, Ag,.SbS^; 
silver 0@:'5 per cent^ 

Crvst^ Svst^ — O rthorhombic. Com. Form. — Crystals 
conimoTily flat tabular prisms^ often twinned; also mas&ive 
and disseminated. Colour. — Iron-black. Streak —Iron- 
black. Fuact. — C ncvcn j brittle. H. — S-2'5. Sp. Gr. — 
fi-2a 

1'ests."H ealed in closed tube, fuses with decrepitation 
and gives a slight sublimate of antimony sulphide after Song 
healing; on charcoal il fuse* to a dark metaltic globule and 
encTLists the siipport ivlth antimony oxide, — the globule 
healed In the reducing liame with sodium carbonate yields 
metallic silver; stephanite is decomposed by dilute oitrie 
acidp leaving a residue of sulphur and antimony oxide^ — 3 
etciu strip of copper placed in the solutton becomes coated 
with silver* and hydrochloric acid added to the solution 
gives a white prccipiiate of silver chloride^ 

Occurrence. —^Occurs with other primary' silver ores in 
veins at many of the localities given for argent itc, — 
Mexico, HarE^ Comstock Lode (Nevada), Freiberg 
(Sasptiy)* Pribram (Czechoslovakialt Cornwall, etc. 


Red Silver Ores, Ruby Silver* 

There arc two species of Red Silver Ores, closely a El led 
in structure^ composition and mode of CMzcurrence; they 

ire T— 

Fyrar^yrite, Ag,SbS^r — Dark Reel Silver Ore. 
Proustlte^ — Light Red ^Silver Ure. 

Occurrence. —The Ruby Silvers occur in veins and re¬ 
placement-veins of various types accompanying other 
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primary ores of silver; they often qpoir just below the en¬ 
riched zonEt as at Potosi (Bolivia); typical Localities are 
Andreas berg (Harz). Ffeiherg [Sa^cony]^ Pribram {Czecho- 
sloivakia)^ Mexico, Potosi, Comstock Lixie [Nevada)^ Cobalt 
f Ontario), 

PYRARGlTtlTE, Dark Red Silver Ore. 

C iJ Ml'.“-Sulphide of stlvt^r and Hntlmijnv% Ag^SbS^ ; silviM', 
per cent. 

Crvst. Svst. ^Hexagonal, rhonibohedral-bemimorpliie. 
Com* Form. — Crystals^ hexagohal prism terminated by 
rhombohedra, or variously' inodiSEdj and somctimcf^ 
ttvin n cd ; coi ti mon Iy occurs massive. Clea v — Fairly good 
rhombohedral. Cololtr,—B lack to cochineal-red. SritEAk. 
^^Cochineal-red, Lustre.-—M eiallic^ adamantine; translu¬ 
cent to opaque. Fract.—C onchoidal. H.—Sp. Hr. 

Tests*—H ealed, in the open tube gives sulphurous fumes 
and a white sublimate of antimony oxide; heated on char¬ 
coal spirts and ftises easily to a globule of silver sulphide, 
and coats the support white, — the globule heated with 
sodium carbonate and charcoal on charcoal yields metaUic 
slivcir; pyTargy'fitc is decomposed by nitric acjd> leaving a 
residue of sulphur and antimony oxide. 

OccuRftESCE.—Sec above, 

PROIJSTITE, Ujfhl Bed SUver Ore. 

Comp. — S ulphide fjf silver and ; ^^ilviT^ 

jiar cent. 

CnvsT. STfiT-~He.xagonaL rhombohedraUhcmmiorphic. 
Com. Form* — Pointed crystaLs; commonly granular and 
masstven Colook^—C ochineal-red, Sthf-,=\ K.™ Cochi neal- 
i-ed. Lustthe.—A damantine; subtransparent to subtranslu- 
cent- Fract. — Conchoidal or uneven. H.—2-2^5, Sp, 
Hr, 

Tests.—H eated in open tube* gives off sulphurous fumes 
and yreld.s a white sublimate of arsenic oxide; heated on 
charoi>al with ?^inin carbonate gives metallic silver; 
decomposed by nitric acitL 

( h ctfHPExcK,—fh-i- sibove, p* 24 “k. 
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FRElESLEEENiTE. 

Cqiip^ — Siilpbide of silver, Eead and aniimony^ 
(Pli,A^-jjSbjS^ 3 ^ stlvi-r nb^yut 23-23 per cent, 

Cryst. Svg^T,—MDnociinic^ Com. Form. — I n prismatic 

crystals, anti massive. Colour—-L i^ht stcel-g;rey to dark 
1 ead-g-rey, Lusthe * “ Metallic, F ract , — Suboondioida] 

or untr^'irn r hrittle; sectUc+ Hi — £-£’5- Sf, Gh.^^6-6'4, 
Xests* Hcat-cd on ctiarcoal g'ives white Hiibliinate of 
antimony ORide near assay; gives yellow encrustation when 
roasted with potassiom Itidide und sulphiir, indicating lead; 
heated on charcoal in ORidising flame gives metallic silver; 
in reducing flame gives Ecad* 

Occl-rbence.—F ound associated with other silver ores, 
galena, ete,^ in Spain, Sajtooy, Rumania, etc- 

POLTBASITE. 

CoMV ^—Sulphide of silver, antiirmni, copper and nr.senic, 
(.4g,Cu),JSh.A.s).S^,: silver about 70 pei' cent, 

Cryst. Svst. — M onodinlc. Com. Form.— tabular pris¬ 
matic crystals; usMUy massive. Colour,—I ron-black. 
Strel-vk.— Black. Lustre,— Metallic. H.—£-3. Sp. Gr. 
—d^'2. 

Tests. — Heated b open tube, gives sulphutnus fumes 
and sublimate of antimony and arsenic oxides i copper 
residue and silver bead given by lengthy heating with fluxes 
on charcoal, 

VARnrrr.—Pfiffrdfe, an arsenical variety. 

OcctfRRFscE. Tn sliver veins associated with other 
primary silver ores ; in the argenlite veins of Mexico^ the 
argentite-gold-quartz veins of Tonopah [Nevada) and the 
Comstock Lode, to the replacement-veins of Portland Canal 
[British Columbia) and in the silver deposits of San Jtia^ 
(Colorado), Pribram (Czechoslovakia), Freiberg (Saxony), 
Andrea,sberg (Hsrz)^ Chile, etc. 

HESSTTE. 

CoMPp—Silver teHuridep AgjTe. 

Cryst. Svst.—C ubic, Com. Form. — M assive. Coi-cuh. 

__Lead-grev. Lustre-^™M etallic. 3e<ztilc. Sp. Gr. 
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XtiiTs.—Pow£ler«t mMaerea hi:^tt:d with sUong suiphursE: 
PCid gives a reddihJi-violeL aoluLiuu, indicaiiog tdSununi; 
htiarcd oa cha^tual gives siSvur l>cadl. 

V'AiiiETtfis, — HeiSkie olten coaia^iis some goM and so 
grades inlo pel^ilir ^Ag^Auj^ Tc, 

OE:cuitNE4^CE.^ — Occurs with other tellurMes in the Kai- 
goorJie goldheJd, Western Ausiralja, in the gold-veins ot 
the Porcupine mming area of Ontario^ and in various veins 
In Chile, Mexico^ Cahloriilp, cu:. 

CERARGYTIITE, KERAftGYKlTE* HORN SILVEIL 
Comp,—S ilver thJoride, AgCl; silver, 75'3 per cent- 
Cpyst- Syst-—C ubin. Com. Fohm.—C ube; usually 

ma^^slve and waxiike, and frequently in encrustations. 
CoLOun. — Pale shades of grey^ sometimes greenish or 
bluish, and> when pure^ colourless; assumes a brownish 
tint on exposure. Stpeak.—S hining* Lustrii+—H esm* 

Gus, passing to adamantine; rransparent to subtranslucen^i 
ur tiearly opaque. FnAtT.—Somew hat ixineholdal: sectilr, 
culling tike wax. H.—2-3 h Sp. Cm,—50. 

Tesj s. —^.Soluhle in ammonia^ but noi in nitric ackl ; fuse? 
in the candle flame; on charcoal yields a globule of metallic 
silver; when placed in the microcosmie sail bead, to which 
copper oxide has been added, it gives when heated in the 
oxidising flame an intense azure-blue colour tn the Game, ^— 
indicating chlorine; a plate of iron nibbed with the mineral 
becomes silvered^ 

Occii'PaE.vCfi. — Occurs in the gossan or upper parts of 
Sliver veins, associated w^ith other sHver halntds, — 
bromyrile^ AgBr, IpdyHtc AgJ, and embolite, Ag(CT,BrK 
and arising by the acijon of descending waters con tain In 
chlorideE5, etc., on the oxidised primary ores; cerargyrite 
often forms extremely rich but small silver deposits; some 
localities are Freiberg (Saxony), Andreasberg (Harz), 
Hnokcrt r^lll (N.SAV^xl* Atacama (Chile), Comstock Lode, 
Tonopah (Nevada), etc. 

CxOLD RTTNER.ALS, 

Hold {Aul occurs very widely disused in oature, chiefly 
in tlir free state, but invariably alloyed wirh some propor- 
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tion of silver or copper^ and occasEOiially with bismuth, 
mercury and oiber ftiatals. Native ^old has btefi known 
Eo contain much as per ceriE. ^old^ but as a rule 
rutiles frotn So to 95 per cent., the balance being usuaJiy 
silver for ihe motiC part. GoJdi when pure, is the ehosl 
malleabJe and ductile ot all metaJs, but becomes brittle when 
containing small amounts of bismufhj lead^ arscniC| etc. 
it has a spedpe gravity of 19 ^ and melts at about i,060“C, 
Native gold is recovered from alluviaJ deposits bv some 
form of tv-aier concentration, followed by amalgan^aiion 
With mercuiy. That occurring in veins is milled and 
ground previous to amalgamation in the case of “ free- 
mllling ** ores* When the ore is of a partly rcfrac- 
torr • nature, or when the gold Is v^ry firtely divided, 
cyanidation, i.e.^ solution of the gold in s^ium or 
potassium cyanide, is employed. Often, treatment by mer¬ 
cury is followed by cyanidation of tJic tailings for tJic 
recovery of the unamalgamated Hne and combined gold. 
Before die hue grinding of ores and treatment bv cyanide 
that are the usual practice^ at Is sometimes necessary to 
roast the ores to elimaoate arsenic and antimony com¬ 
pounds which decompose the cyanide and cau^ escessive 
consumption, flold is also recovered by chlorination, and 
by smelling with lead ores. 

In addition to the native metal gold occurs In combination 
as telluridcs^ and possibly as seknides ; large quantities of 
gold are obtained from sulphides with which it Is probably 
mechanically mixed. Gold ores can thus be classed into 
two groups ;— 

(t) Free-milling ores, from which native gold is recover¬ 
able bv crushing and amalgamation, and {2) refractory ores, 
tellurides and auriferous sulphides, which yield their gold 
by coniplcx smelling processes. 

Gold has a remarkabk position in world cconoinv. 
Apart from iLs use for Jewellery, it Is employed for coinage, 
and for these purposes it Is usually alloyed with silver or 
copper to ivithstand wear better. The purity, or " fine¬ 
ness/' of gold is expresserl In parts per jj)00, the stan¬ 
dard for coin In the British Empire being 6 parts of 
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gold to 83'4 of MppfiT. In England the l^tg^al standard 
for jewellery Is the carat of 18, 15, 12 or « parts per 
2-4, The fineness'of gofd in alloys therefore can be ex- 
pressed either in carats or thousandths; thus pure or fine 
gr>ld is said to be S4 carats or 1.000 fine; British ^old coin 
iivas 2.2 carats or 916'0 thousandths Bne+ I’or purposes of 
platep jet^cllerj', walch-cases, etc., the standard of fd carafs 
or doC fine Ls lcg;alp hut the lower standards of and 14 
carats are also generaL Less gold coin is minted at the 
present timc+ but gold is still required as a medium of 
exchang-c, measure of and cover far paper currency h 

The total world production of gold Is estimated to have 
been over 27,474^000 ounces in 10341 — Ihis is a record 
product ton and reflects the hig!i price attained by gpid dur* 
ing that year, the average price approaching £7 an ounce^ 
Of the world pri>dtic:tion, the Transvaal ivas responsiiblc 
for about 38 per cent., Soviet Russia nearly 10 per cent., 
the United States and Canada each about 11 per cent.^ 
and Australia and Neiv Zeabjid over 4 per cent, between 
them; the other producers were principally Mexico,. 
Rhodesia, West Africa, Congo, Madagascar, India, japan. 
Kore^ip and China. The British Empire is responsible for 
nearly 60 per cent, of the world output- An official United 
States publication shows that of the gold produced in that 
country in 1^3, 23 4 per cent, came from alluvial deposibs, 
60"5 per cent, from deep mines w^orking gold ores proper, 
4'2 per cent, from copper ores, Q'7 per cent, from lead 
orts, and 2'2 per cent, from lead-ztnc ores j these figures do 
not show much change from those for 1912. 

Native gold occurs in veins of various lypes^ and in 
alluvia] deposits both modern and ancient; teiltirides and 
aurifernua sulphides also occur io vdns. In the weathered 
parts of these vein deposits, gold may he concentrated 
mainly by removal of the useless asscjciates. In gold-bear¬ 
ing quartz-py rite veins, for example, the weathered portion 
may be made up of rusty quartz in which are gold nug¬ 
gets; in the gossans of telluride veins, gold appears as 
mustard-gold, — spongy, filmy and finely^ivtded free gold. 

Tb3ts.—T he physical properties of gold serve to (jislln- 
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guish the Dative metal;; its yeUow colour, cBaUeabiUtVi 
blDtjp high specilic gravity, and InsDlubilkj in any one acid 
are distinctive. All ^old compounds yield a gold bead 
ivhen bLNiltrrf nn i harLual with sodium ^ ^irbsmiitu. Telluj ides^ 
snclii arc deleizled by tests given on p. 2lL 
'iTie gu!d TuintTals dealt with here are : — 

fiemeNi . Native go\t\, Au* 

Elemetji u*tih ather Gold Amalgam^ Au with 
mi'tHific elirtnents Hgi Ag. 

{ SyIvanlte, {Aki^AgjTej. 
Calaveritc^ (Au,Ag)Tej. 

Petzjtc, (Ag,Aii),Te- 
^fagyagite, sulpho-tcUuride of 
lead and gold. 

NATIVE GQtD. 

CoMP-^Pure go]dp Au* or gold alloyed with silver; the 
latter metal has been known to amount to over 20 per cent, 
in iirgentifitrouj gold or ei^ttrum; copper* iroUp palladium 
and rhodium have also been found in gold^ — 43 per cent, 
of rhodium has been reported in a variety called Tkodium 
gold from Mexico; oiafdonitep a black vrariety containing 
bismuth and found In Australiaj has a com position repre^ 
sented by Au,Bi. 

Gsvst, 5yst+ — Cubic. Com. Form.— Crystals rarcp 

cube, octahedron and rhombdodecahedron; usually found ki 
grains or scales m alluvial deposits associated with heavy ob¬ 
durate minerals such as garnet, aircon, etc.; also in rounded 
massesp called nuggets, in alluvial deposits or embedded 
in quartz veins, — the Welcome Stranger nugget found 
in Victoria contained ^£.'10,000 worth of gold; occasionally 
the metal occurs in strings, threads, etc., and Uie folluw^- 
Ing names indicate the varied forms assumed, — groin 
thread gold^ ’wire gold* foil gold^ moss goid^ tr&e goldt 
mustard gold, sponge gold. Coloue./—T he yellow colour 

of native gold from difTerent localities varies in shade; seme 
specimens from Cashmere possess a coppery or bronze 
yellow colour ; w^hen much silver is present the metal may 
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appear almost silver-white ; in thin leaves by transmiued 
lig:ht gold is green. Lustre,—M etallic; opaque, F^act, 
—Hackly ; very ductile, maUeable* and sectilcT being easily 
cut with a knife, H.— S-5^, Sp. Gw.— 13-20, — the 
variation being due to tlit metals with which the gold 
specirnen may hnlppen to be allayed. 

Test^. — The colour, combined with the malleability, 
weight, and j^ectility of guld^ distinguish it from, nther 
mfnerals; Iron pyrites, which has some times been rnistaketi 
for gold, cannot be cut with a knife, whilst chalcopyritc 
onimhles beneath ihe blade and gives a greenish-btack 
streak j heated on charcoal, al] gold compounds give a 
yellow maDeable globule of gold. 

OccUKftENcir — An exceedingly important source of gold 
is the deposits of placer or aLluvial type ; these deposits arc 
derived from the w'eathering and disintegrarlon of the 
primary gold-bearing rock ; gold is found in the residuaJ or 
Ifltcritic deposits formed on the outErrop -of wmihered gold- 
bearbig rock — e/uii/al plac&n; the great placer deposits, 
however, occur in the valleys and may be of recent or 
ancient date, and may be at the surface or at a gf'eal depth 
(dee/s lefli/); concentration of gold may arise by many pro^ 
ceases of sedimentation, such as wind action, w^ave action 
(beiich plticrrs] and especially by river action ; examples ot 
shnIlDw placers are those of the UraJs and .Siberia, India, 
Chli^a, Gold Coast, Alaska (Klondyke), Hntisli Cohmibia, 
Western Cnited States (California, Montana, etc.), South 
America (Lquador, Chile, Bolivia, etc.}, Austraha (Ballarat, 
River Torrens, etc.)j alluvial gold is found in small quanti¬ 
ties in the deposits of several British rivers, in Cornwall, 
North Wales, Lc^ldhl^s (Scotland} and Sutherland shire. 
Varloits ancient placers of little importance In gold pro¬ 
duction hav^e been described, such as in the Permo-carboni- 
feroiis rocks of New South Wales, and in the basal Cam¬ 
brian of the Black lliUs, South Dakota. Passibly the 
greatest of all placers, whether ancient or tnodem, h that 
of the if an feet or gold-bearing conglomerates of the Rami. 
South Africa, which supply a tlomlnant part of the world 
gxilsl. Thi=-.e vfinglomerart^v iM-rur In rhu 
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system which is possibly of pre-Cambrian ftge; con- 
i/bmerateSp cuinpc^s^^! of small quartz pebbles in a 
morpho&L^rl sandy mntnx, an.- lound at several horizons and 
^-:a^Ty ^uk\. Tlic urigin nl ilhs gyld is a subjecl ol dls- 
cLissioiit ■ — some hold chat the Banket is an ant:lent deltaic 
placer duposii In whl^di the y:old has undert^onc 

solution^ rede position and recrystaJlisalion, — ' Others be¬ 
lieve thai the ^old wPs blroduced long after the formation 
of the conglomerate. Alluvial or placer gold has been 
derived from primary gold deposits, usiially true veios^ the 
oF the gold miner. The vein? usually consist of gold, 
quartz and pyrJte; many of them occur in Terl tary volcanic 
chiefly andesites and rhyolites as in certain go1d- 
hetds of New Zealand^ ^^ex1cQ, Transyivania and the 
Western United States. Deeper-Seated golrt-qnartz veins 
□ re some in Califnmia and the Western United States, 
Ballarat and Bendigo In \1ctoria^ New South WaSesT 
Queensland, Npva Scotta, Alaska^ Brazil .Austria, the 
Urals, etc. In the great Porrupinc gold-field of Ontario 
Free gold is accornpanird Isy tellurides. ArgentTte is asso¬ 
ciated with quartz and gold in the Comstock Lode and 
a I Tonopah (Nevada 1 and else^vhere. Small gold deposits 
occur as rrplatemcnts in limestone where gold-bearing 
jaspery rocks are found, and another minor type of deposit 
is of pyromi'ta5nmatic orignn. Small but exceedinely rich 
deposits are found associated with ahmite fit Hold field, 
Nevada. In Great Britain gold is worked in North ’^Vales, 
In quartz veimt in the Menevinn sbtes of Middle Cambrian 
age, - — the mines are situated north of DotgeEly, on the 
Trawsfynnydd roarL 

Crolif Amdlcain. 

Aft .iftlrtTEanl CwnncRer! af "old, ft»tl stl^Tr. the ^ 0 ^ 

averftEm" aber^t 40 nrr a?nl. It i& “OTn^Tlnitt hj-nnd cfvstall i =cd. h^it 
UAdallv in rmall whiLs or vcllawi'^h-irhia* EraJfiL*' cxnintlE 

Wiilv. It is ustteiIIt a.«;sodiit£!d with ftlntimijn Rptil hi* liveri rKirarlcd 
frem California^ Colambia, Urals, and atBc^vhFra. 

Gold Tdlutides, 

OcctFRPEMCE. — The gnld teLlurldes occur tnainly in v^cins 
and replacement-dcpHJsits In which they arc associated with 
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pyrit* and oifier aitlphidcK and often free £C»ld- The chief 
lof:aIitje& at which gold lenuride ores are worked are 
Kafgoorlir [VN'esiern Australia). Cripp^ii Creek and Botiider 
Country (Colorado)^ ^ ^Transylvania); telluride 

ores occur in tlie Porcupine fOnLario) gold veinsp and in the 
gold-alunice deposits of Goldfield, Nevada. 

Gold TELiURiDES.—The chief gold tellurides are:— 
Sylvanite, {Au,Ag)Te,. 

Calflveritep (Au.AgjTca^ 

Petzite, (Ag,Au),Te. 

NagyagitCp sulpho-telluride of Pb and Ao. 

Oxidation of TELLOaioE Veins.—I n the upper parts of 
gold lelfurlde veins the teUurides are decomposed i most of 
the tellurium Ls removed in solution and the gold set free as 
a. fine powder^ mustard gold. 

SYLVAN ITE, Graphic TelliDriuEL 

Cowp,—Tellnride of gold and silver (Au^AgjTej, with 
gold ^4-5 per cent., tellurium 62 1 per cent.; antimony and 
lead are sometijnes present. 

Cryst. Svst. — Moooclinic. Com. Form,— Crystals often 
arranged in more or less regular lines, bearing a fanciful 
resemblance to writings whence the name graphic t^Uunum; 
also occurs massive and granular^ CoLOVR.—Steehgrey to 
silver-white; sometijnes yeJIowUh. Streak.—S ame as col¬ 
our. Lustre. — Metallic. Tract. — Uneven; brittle. 
Cleav. — Perfect orLhaplnacoidaJ. K.— i b-2. Sp. Gr~ — 
S^'2. 

Tests,—I n the open lube, behaves like native tellurium 
(see p. 473): berorr the j educing flame, gives on charcoal a 
yellow malleable metallic globule after long heating, _ an 
encrustatioD of telluric oxide being formed on the charcoal; 
the powdered mineral heated with strong sulphuric acid 
gives a reddish-violet colonr to ibc add; decomposed by 
nitric add leaving gold powder, — hydrochloric add added 
to ihe solution gi^es dense white precipitate of silver 
chloride. 

Ot CL^RWEXCT.,—See ahKF% e. under ( iokl Tell u rides. 
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calaterite. 

Comp, — Tell unde of gold and ailvert (Au^AgVre*j with 
gold predominunt. 

Cryht, Svst. — M onoclitiic. Com. Form. — C rystals, small 
tind elongated; massive granular. CoLOlTA,—Pale vellow. 
H.^3-5- Sp. Cp_—D, 

Tp-sts.^ — A s for sylvanite^ above; has a higher percentage 
of gold iJian sylvanite^ 

Occurrence,—S ee above, under Gold Tellurides. 

PETZTTE. 

Comp. — Telluride of gold and silver, (AgtAu}aTe+ 

Com. Form.—.V ra^sive granular- Coi.nuR, — Steel'gtey 
lo iron-black. FHArr,—Uneven; briule; jslightlv scctile. 
H.— 25-3, Sp. CiH.-^ST-SO. 

Tests.—A s for sylvanite^ above. 

OccirRRRS'CE.—^See abo^^e, under Gold Tellurides. 

NAGYAGITE, Black TeHuriam. 

Comp.—S ulpho-telinride of lead and gold; anllmony is 
usually present; gold varies from less than S to more than 
12 per cent- 

Cry ST* Syst. — O rthorhombic. Form. — U sually 

massive or foliacenus* CotouH- — Dark lead-grey. Stheai?. — 
Dark lead-grey. Lustre. —AfetaJlic; opaque. Fhact, — 
Sectile; thin taminie flexible* Clea v.—Perfect pinacoidaU 
H.—1-1^. Sp. Gr.^S-7 2* 

Tests,—H eated in open tube^ gives a sublimate of anti- 
moniate and tellurate of lead, and of antimony and tellurium 
nxides in the higher parts (sf the tube; the antimony oxid+i 
volatilises when reheated^ and the tellurium oxide, at a high 
tcmperaturct fuses to colourless transparent drops. 

OrctrRHENCE.—See above. 

CALCIUM MINERALS. 

Calcium (Cal docs not occur in the free state in nature, 
but its compounds are extremely abundant* ft may be pro- 
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fram melted c;lTcium cihloride bv derompn'^iifQn by an 
electric current, or by healing calcium iDdidc with sodtum. 
The uietaJ c^ilcium Is used in the me failure of lead^ as a coii' 
stitueni &f varions alloys flnd for an increasing- number of 
minor processes, 

Althoug'b not occurring^ nativ^^ calciam neicrtbeless enters 
into the cornposition of a very TOnsidcrable portion of the 
^arth"s crust, of which it forms about ^ per cenL Whole 
formations, such as the Chafk and the Carbomferous Lime¬ 
stone, Consist almost entirely of calcium carbonate, while 
thick and thin beds of lirnestcne arc more or Hess common 
throughout the entire series of stratified rocki. Calcium 
enters alj^o into the composition nf manv rock-forming 
aiheates; chief t>i these are uuortkite hhpur, 
pyro^Ketic and umphiholf^s^ garnets, scapoUft*, epidotes^ many 
ccohfijj, and tj CaSiO, ; tbiise are dcstrllicd with 

the other rtPtk-l'urming silicates In later pages- 
.The non-silicate eakium lulncraEs are of great economic 
value, and their various uses are given in thtir descriptions 
below. 

Tests.— Some calcium minerals give a brlck^red flame 
cotoration which is enhanced fay moistening the substance 
w I til hydrochloric acid j fused calcium compounds give an 
alkaline reaction with Litmus; on tlie addition of sulphuric 
acid to soluEtoos combining calcium salts, a white pmN 
cipitate of calcium sulphate Is formed. 

The following are ihc more important non-silicate calcium 
minerals — 




j Calcite+ CaCOj (hesagoral). 

Aragonite, CaCO, (orthorhombic), 
j Etalomtte, CaCO^.i^LgCO,, 

^ Gayfussite, 

; scribed with the Sodfum minerals on 

p, 222.). 

Barytocaldte, BaCO^.CflCO^ jde- 
scribed with the Run urn mineral*; on 
. p. 27fl). 
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3ii.lphfjfes 


PhospJiate 

Fluoridt 

Bar ales 


^57 

Anhydnt^^ CaSO*. 

I rSypsunip CaS0^.2H^0, 

Glauber!Na^SO^.CaSD^ (deln:^i!K^d 
.+^' wi 1 h the j tliu n r minerals on p. 220 ). 

I PoEy h a I Ite, K . MgSO^ .2€a SO*. 

\ 2HgO (described ^rith the Pofojjinni 
minerals on p, 225). 

--- Apatite, CX(F.Cri(PO,|^. 

... Fluor-spar, CaF^. 

I LJJtxite, NaCaR .t\ryHX->. (Sec p. :JCpO,) 

.. J Colemanite, CajS,0i,.5H,O. (See 
I p- 299.) 


ColemanHc and uleaite are worked for their baron contend 
and are described under Boron. 


CALCITE, Calc Spar» Carbonate of Line. 

Comp.- Calcium carbonate, CaCO,. 

Chyst^ Sy’ST.—M eiragonalp rhombohedralt Caldtc Type 
(see ].]- yt.i). t’OM. f'ORM.—Gmid crystals commciia—i»f [brtc 
main habhs: (l) naiLbeaJ, combination of flat rhombd' 
hedron (1012), and prism, (2) dag-taath, combination, of 
scalcnolicdron (2i3i) and prism, and (3li — two 

of these types are FLhowti in Fif^s. IJa arid 69 j twinning; is; 
common in calcite crystals^ the twin lavvs being on the basal 
pinacoid (CMXH) (see Fig, 65), and the rhombohedra (0112), 
•nd (iUl I jp as de?iLTtlHK| on p. L24 ; ralcltc also occurshbroiis, 
lamellar, stalactitlc^ oodular, granular, ccmpact and earthy. 
Cleav. —Perfect parallel Eo the unit rhombobedron (lOll) 
(see Ff^. 44 b), poivdered calcite consists of minute cleavage- 
rlKinibohcdra (see p. -|3). 

Cdlchjh.— Colourless or white, sometimes with grey^ yeb 
low, biuOM redt brown or black tints. Stheajc.—VV hilc. 
Lustre. —\^treoi4S to earthy; transparent to opaque. 
Fract.—C onchoidal, but diRicutt to observe owing to the 
perfect cleavage. H.—scratched by knife^ Sp* Gr. —2'7L 

Opt, Props.— In ordinary light, calcite appears usually as 
shapeless grains traversed by excellent rhombohedra! 
cleaTagcs, giving one, two or three sets of intersecting lines ; 
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in polarised light twin-kles when the nlcol Is rotated, due to 
the refractive Indesc for the ordinary ray betng much 

higher than that of balsam, whilst that for the extraordinary 
ray (l'4S6) is lower; between crossed dicdIs polarkes in very 
high colours, giving a grey ifitersptrsed with points of pink, 
blue^ etc*; twinning is very common; optically negative, 
uniaxial; calcite rarely occurs as a primary constituent of 
igneous rocks, but is ccmimon as an alteration or inhltration 
product, and is the dominani component of ihc limestones 
and of their Tnetamnrphic derivatives* the marbles. 



Flu,. 1FJ.—Dog- 

hEflcj Spu. twitb Spar, 


Tests, — Infusible, hut becomes highly' luminous when 
heated; effervesces with evolution of car^n dioxide in cold 
dUute acidj brkk-red calcium flame; cleavage very distlno^ 
live I for the methods of distinguishing between calcite and 
aragonite see p. and beliveen calcite and dolomite 
p. m. 

VARrETiES* — crystals showing combina¬ 
tion of Sat rhombohedron and prism Fig. 98), 

D&g^f&oih SpaTt crystals showing cambLnation of 
scaJenohedron and prism (see Fig. G9), 

Iceland Spar, a vtty pure transparent form of calcite 
first brought from Tceiand r it cleaves into perfect rhom- 
bohedra^ and on account of its transparent character and 
high double refraction it Is employed in the construction of 
the Ntcol pfism^ as described on p. |ftl. 
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Satin Spufi ^ compact finely-fibrous variety with a satin- 
lake lustra^ whith ll displays lo ga'eal advantage when 
polished; it has mostiy been formed in veins or creA'ices ui 
rodcs, (he fibres stretching across the crevices; the lerm 
** satin-spar is more commonly applied to the fibrous form 
of dfscrilitifl im [i. 267; a qtiarryman'? 

term for fibrous calcite similar in habit lo sat in-spar. 

Aphrite and are unimportant lamellar varietiea 

of calcite. 

StQliitrtih's arc pendiint column?^ formed by the dripping 
of water charged with caJclum carbonate from the roofs of 
caverns in Jirnesione rwks and i it her favnurabic situatiuns; 
successive layers of caldle are deposited one over annlher, 
SO that a cross-section of the stalactite displays concentric 
rings of growth; the surplus dripping of the Avater gives rise 
to a similar deposit w'hich forms in crusts one above the 
other on the doors of the caverns^ this deposit being called 
beneath these stalagmitlc crusts the remains of 
pre-hjstorlc cave-haunting men and animais have been found. 

Onenfai Aiabaster, Algenan Onyx. These are stalag- 
mltic varieties of caJdte characterised by Avell-markeil 
ban ding p and were used by the ancients far making gint- 
nient-jars; both names, howeverp are bad, since true alabas¬ 
ter is calcjum sulphate, and onyx - is a cryptocrystailine 
handed variety of silica. 

Cflfcareoiiv Tufa, Tr&v&rtine^ Ctllc Ta/u are more or less 
cellular deposits of calcium carbonate derived from waters 
charged with calcareous matter in solution; at ^latlock, 
Knaresbordugh and many other places where the springs 
are thus highly chargedi twigs^ bird's nests and other 
objects when immersed Jn the spring become encrusted with 
a hard coating of tufa r calcareous tufa sometimes forms 
thick beds, as in Italy, and Is then used as a bnildlng-stgue. 

Agaric Mmeroi, Rock MUk^ Rock Meat These are white 
earthy varieties of calchci suiter tlian'irhalk, and (krp.ibiitvrl 
from solution in caverns, etc* 

a soit^ w^hite eiirthy oarbonair of Ijiuck forming 
thick and eictensive beds to various parts of the world; it 
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lOea 

has been deposited fmm the waters of aii aiidet5t sea, as 
fthown by the marine chararter of the fossils whicli it con¬ 
tains; it sonictimt?!> eonsists tu e^lent the remains 

oi microscopic org-anisms^ foraminlfcra; it is sug'gestcd that 
tile sea an which the flngfllsh Chalk was Uid down was 
margined by a desert area, so that no clayey or sandy 
maienaJ was contributed to Uie deposit forming in that sea. 

limestone, ^farbie. Liittcstone is a genera] tenn for car¬ 
bonate of lime wheii occurring in extensive beds^ it mav be 
crystal! inCi oolitic [^see bclow^J, or earthy, and+ tvhen impure, 
eidier argillaceous, siliceous^ b^tilm^^oQs^ femiginous, or 
dolomjticj all true marbles are LimEstoncs which have been 
crystallised by heat or pressure during oietamorphic pro¬ 
cesses, but the name marble is often applied to some special 
type of non-metainorphic limestone: the ditlereul, names oi 
hmeslones and marbles arc derived from ihc locality w'herc 
they arc founds the formatloo in which they occur, the 
fossil^ w'hich make up their substance, or from some 
peculiarity of structure, colour, etc. b!samples are shell 
marble, ruin marble, crinoida! limestone, Carboniferous 
Linjestone, etc, 

Lithagraphic Stone, a very fine grained variety of Jime- 
stone used in priming. 

Pisolite atiif Ociiiie. These varieties of limestones are 
formed of granule^i produced by the deposition of calcium 
carbonate Ln successive layers around small nnclei; pisolite 
differs from oolite Ln the larger size of (he granules; bv 
!iome, oolitic structure is considered to be of organic origin, 
by otherto be the result of a purely Inorganic process in 
tvhtch the granules are washed backwards and fonvards on 
beaches, etc., during their formation. 

nfih^roconife or SHrihstonef a dark^eoltiurcd limestone 
containing bituminous fnattern and emitting a fetid odour 
tvbcn struck. 

Fontainebleau Sundstone^ a name given to calcite which 
contains a large admixture of sand^ sometimes when con- 
crettonarv containhig m per cent., and even when ci^'stal- 
Used in rliombohedra containing as much n_s 65 per cent. : 
it w'fis formerly found m Fontainebleau, in France. 
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—Inlerlacing cry^LaEs of yellow or brown cal- 
ciTLs rtccurrin^ as tufa deposits in Nevada, Au^tralia^ etc,; 
tlie crystals are often of skeleto^L lorin. 

OccurRBNCK-—T he occurrence of caJeice ha^ been indi¬ 
cated Id the description of tbe variL-ties given above. Caldte 
may be citlier of an organic or of an inorganic, chemical 
origin, itnd both forms may be metamorphoseti into marble, 
I'SES,—Carljcnatc of lime finds many different uses ac- 
cording to its purity and character t the varieties containing 
some clayey rnatier arc burnt for cement^ she purer 
varieties providing Hme used In many industrial processes^ 
the manufacture of bleaching powder^ calcjurn carbide^ 
glass, soap, paper, paints^ etc.; enormous quantities of 
limestone of various kinds are used with clay in cement 
rnantJ fact lire ; limestone is an important road-metaJ es¬ 
pecially for use with Tarj marbles and crystalline limestones, 
and the more resistant caJearepus rocks gcneraJIvK are bii- 
portant building and omamentaJ stones; calcium carbonate 
is used as a Gux In smeltings certain varieties nf limealone 
are used in printing processes; chalk and lime are applied 
to the soil as a dressings the clear transparent form of caU 
cite, Iceiaod spar, is used in the construction of opticad 
apparauis- 

.IRAfJONlTE, 

Comp,—C alcium carbonate, CaCO^^, similar to calcjte; 
sometimes conialos i -2 per cent, of strontium carbonate, or 
other impurity* 

C H VST, SV s j, —Ort h orhom btc, Com . Fn h m , — PH sm a tic 
cryslaJSj often terminated by' acute dornesp giving sharp 
pointed cry^stals 7 twinning is commoUp the twin plane being 
the prism (110). This twinning ts often repeated, and since 
the angle betweeji the prism faces is nearly 64 ", pseudo- 
hexagonal twin cry stills result, as illvistratfit in Fig. 100 ■ 
these pscudo-hesagOEsal twins are distinguished from true 
hexagonal iTvstal^ Iw rc-cnlrfint ariy^le.^' Inrlividual crv,sials 
arc often many times twinned p and with a I tern ate] v reversed 
striation on faces of prism and cleavage planes; ^sa occurs 
m groups of aciciiTar cry'stals, often ra-lEating cohimnafp as 
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in Fig. iUi [ alsu iK-ciir& in ^lobuJarp ^LaJactiLiL^ cara- 
Inidal or tuifnjstirtir forms. Cleaw — Vout, psirallcl to 
brachvpirLat^^id CciLOLrH.—WhiiL% j^rpy^ yellowish, 

sometimes green or violL ustwe,—V itreous; transparent 
tn tr^slacent. FRAcr.—Subconchoidal ; brittle. H.—3 5-4, 
Sp. Glt.^‘04. 

Tkst&-—H eated before the blowpipe^ aragonite whitens 
and crumbles, ehanging to caldte; with cold dilute hydro- 
chloiic acid+ gives ofT carbon dioxide ; ^est, brick^red; 

aragonite is distinguished frnmcaldtc by the following tests; 
(1) The shape of the crystals^ (2) the diffcTient cleavage and 
cleavage^fragmcrsts^ (3) aragonite Is harder than caldte, 
(4) aragonite has a higher specific gravityp (5) 

Tejf, Bragonite is stained with a solution of co1»1t oihrftte. 



whereas caldte is not; the mineral under obsexv^ation is 
boiled with cobalt nitrate solution for a quarter of an houTf 
and then washed a pink slaining indloites aragt^mte^ (6) 
LeiJnrMr and F^gl's Ttst^ a solution of manganese sul¬ 
phate of 118 gr. MnSO^.THjO in lOO c-c. water Is prepared, 
some solid silver sulphate introducedi She whole hrated^ 
cooled aod filtered^ then one or two drops of dilute caustic 
soda solution are added, and ifter l-g hour» ihc precipilute 
is filtered of; this solutioo li kept in an opaque bottle; for 
distinguishing between aragonite *nd caldte^ the powder of 
slice iS covered by the solution—aragonite at ooce turns 
grey and finally black, whilst cakite becomes only greyish 
aflef more than an hour; this is test for fine Snirr- 

growiha of the two mineralf- 
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VAiJETJES,—Affligontte occurs in crystallised, crysuUine^ 
massive or stalactitie varieties f Fhs Ferri is a stalaetitic 
coralluidal varietyp which consisti of beautiful snow-white 
divergent and ramifying branches* In many cases encrusting 
hcmalite; sphericaJ concretions or pitoliUi deposited at 
some boi Springs arc of aragonite, 

Occ:uaftfL^CE.—Aragonite occur* with hedi of gypsum, or 
associated with ima-ore in the form of do*-ferri| or as a 
deposit from the waters of hot springs in oolltk or pisolitlc 
fornu. It Is iess stabk than calcite, into which it passes on 
the application of heat or pressure- The tesla of reef-boild- 
ing coralfip some alga;, etc-* are composed of aragonite; 
this aragonite i* changed into caidte by pressure, so that 
the upper parts oE a coral island may be angonitc and the 
lower parts cakitc^ 

DOLOMITE, Pearl Spar. 

Comp,— Carbonate of calcium and magnesium^ CaCO^. 
MgCO,; CaCO*, 54 3o per cent,, MgCO,. 45'65 per cent.; 
dolomite is ttot a mixture of the two carbonitea^ iron car¬ 
bonate is sometimes present^ sometimes to such an cstteut 
as to form a pas^e between dolomite and sidcrltc. 

CavsT. SvsT^^—Heiagotiab tfi+rborabohedral crystal* 
(compare calcilc), the facus of which are often curved, as 
shown in Fig. 102; twinning is cotnuioo, on the basal plane 
and rhombohedroEi; also occur* massive and granular, form¬ 
ing extensive gcotogical beds, in which state it has a 
saccharoidal lexltire. CtaAv,^—Perfect paralkl lo ihe 
rhombohedroD. CoLwa.—White, often tinged with yellow 
and brown, and aometime* with red, green or blacks 
Lustnt.—Of crystals* vitreou* inclining to pearly; of mas^ 
sive varieties, dull and opaque, pKACT.^CcHichoirdal or lui^ 
even; brittle« —3-5^. Sr, Gx.—^2'S-2~9. 

Opt. Props.—U nder the microscope* dolomite is much 
bke caldm, but has a slightly higher refractive index and 
birefringence, t^ t'500, l StJl ? a utefur method of deter- 
mining a rhombohedral carbonate in crushed material is lo env* 
ploy Die immersion method (p. IfiT) for the deiemiinatkm of 
refractive indices, the refractive indicei for Die ray vibritii^ 
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pfirulkl with the short diagonal of clea^^age-rhombs ol 
various rhombohedral carbonates arei CalciiCj 1560; dolo¬ 
mite, HiH8: magnesite, siderite, 1747. 

Tests►— Before Lhc blowpipe, doloTnlte behavfcs like cal- 
die; cold acid acts very slightly on fragments^ but in warm 
acid the mineral is reaillly dissolved with effervescence - 
LetJibrrg's Test .—If ealche is boiled for Hfteen minutes with 
a sofutiott of aluminium chloride and iogwood, it is stained 
pink, dolomite undergoing no such staiaiug; ferric cMoride 
may be used wiih equal xidvantage. 

Varieties,— P^arl Spnf is a white* grey* pale yellowish 
Or brownish variety, wilJi a pearly lustre, occurring in small 
rhombohedra with curved faces^ and frequently found asso* 

elated with blende and 
galena ; 8f0tBn Spar, Rh^mt 
Spar^ Bitlsr Spar, comprise 
the iron-btaring varieties 
which turn broAvu on ex¬ 
posure; Miemite is a yel- 
lowlsh-bfown hbrouis variety 
found at ^ticmo in Tuscany i 
.‘iKhcfile is a link between 
dolomite and sidertten con¬ 
taining iron carbonate in 
addition to calcluju and mag¬ 
nesium carbutiatcs; it resembles Brown Spar, but when 
heated before the blotvpipe on cbarcoal it becomes black and 
magnetic; it is found in The Slyrian tron irilrbesp and else- 
w^hcre; .Yfogucriiiri Lirnc^tone is cry'slalline granular dolo¬ 
mite, occarriug in massive beds of considerable cKtent itii 
for example, the Permiao rocks ai Etiglriud, 

OccuiiRE.scE.—Dulomitc occurs in extensive beds at many 
geological horizons; dolomite may be dept^Hlted directly 
from sen-water> but rtnysi dolomite bt^tlti have beeo formed 
by the aJturation of limestones, the calclte of which is re¬ 
placed by dolomite; dolomltlsation is often relaleil lo joint*^ 
and fissures through which the solutlaas penctiated, and 
thick beds, as in the Dolocuite Alps ol Tyrol* may be com¬ 
pletely changed to dolomite r as a result of this change* a 



lTc_ 101!.—with Curvud 
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Bhrlnkaj^e takc 5 place and useful mincfals may aftcnyards 
be depDiiilcd m the cracks su caused; the solLitions g-ivirtg 
rise to dDlomitlsadoii flrc rjiainly derived from the and 
an example of the chang^e is seen lu the conversion of the 
aragonite and calcite of coral ret^fs Into dolomUe by reaction 
with the magTtesiuin salts contained In the sea-water; dolo-^ 
mitt is also a common veinstone of metalliferous veins. 

Uses. — D olomite is an extremely important building 
material; it is also used for making refractory furnace 
linings, and as a source of carbon dioxide^ 

ANHYDRITE. 

Coiae.—Anhydroos calcium sulpliatej CaSO*+ 

C»VST+ SvsT.—Orthorhomhic. CoM^ Form*^ — C rystRls, 
prismatic or tabulaft comhinations of prism, the three pina- 
colds and the macrodomCp or of brachydome and macro- 
dome; sometimes occurs In cubes pseudomorpbous after 
rock-salt; also commonly fibrous^ lameliar, granular and 
compacip lamellar varieties sometimes contorted^ Ct-EAv, — 
Perfect parallel to the thrre pinscDids, thus giving rectangu¬ 
lar fragments; macroptnacoidal cleavage not so good as the 
other Invo. Colour.—W hite, often with a grey, hluisb or 
reddish lint. LusTRR.—On clcavage-planesi pearly; on the 
basal plane vitreous j transparent to subtranslueent. Fract. 
— Uneven; splintery in Uunellar and fibrous varieties* H.— 
3-3 5. Sp. Gr.—2 

Tests. —Before the blowpipe, turns white, but does not 
exfoliate like gypsum, after a time yields an enamel-like 
bead; fused with sodium carbonate and charcoal, anhydrite 
gives a mass which blackens silver whEn moistened; 
anhydrite is soluble m boiling hydrochloric acid, a 
white precipilate being given on the addition of barium 
chloride; anhydrite is harder than gypsum, has three 
cleavages whilst gypsum has one, has a greater specific 
gravity, and does not yield water tvhen heated in the closed 
tube. 

Varietihs.— rfi/piiiifc is a scaly granular variety* found 
at Vulpino [n Lombardy; it is sometijnes harder than com¬ 
mon anhydrite, owing to the presence of silica, and is occa- 
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sidnally cut and polish^ for oraaments; THpgstons a cod^ 
toned roDcretionary form of anhydrite; Muruxcite is a name 
sometimes applied to some of the crystaJlised varieties. 

OcciiHRENXF,—Anliydrile occurs 3s a saline residue asso¬ 
ciated \iith gypsum and rock-salt, as in the Stassfurt, 
Germany, and in many almiJar deposits; jt has been shown 
that anhydrite forms from gypsum in sea-’water at 25®C., 
and so possibly the alternating bands of gypsum and 
anhydrite found for example in the German deposits may be 
annuftl layers: the question as to whether gypsum or 
anhydrite was iht Original mineral in manv deposits has 
been much discussed; it seorns most likely that nnhydrilc is 
tlie original mineral and its irregular conversion into gy'psum 
accounts for the patchy association of the two minerals; 
anhydrite is associated with gypsum in the *' cap-rock "* 
overlying salt-domes. Uses,—^A nhydrite is becoming of 
Importance as a fertiliser^ in ihe manufacture of plasters 
and cements, and of sulphates and sulphuric acid. 


GYPSUM- 

UoMP.—'Hydrated calcium sulphate, CaSO^,gHjOv 

CisyST, Syst.— Monoctinic. Com, Form, 
—-Crystals common^ combinations of prlsm^ 
chnopinacaid and n^ative henilpyramidj 
flattened parallel to the cJhiopinacold (see 
Ffg; If.lCJ); twins arc uf Jnvo type'-, the 

type in which the twin-plane 
Is the orthopinacQid (100)^ and, second, the 
nrrou!-/iead typ^ with a hurnl-orthodome 
( 101 ) ns Uie twnn-plane^ it must be re¬ 
marked, however^ that these popular names 
arc not nsed consistently; crysiaSs are also 
often in stellate interpenetrated groups; 
gypsum also occurs in laminated, granular, or compact 
masses, and in fibrous forms. Cleav.—P trfeci parallel to 
tlie clinopinacoid (010), giving very thin. fleTlhle, nnn-ela^tic 
plates; s<n.:lilc, Col.uUn.——CrySitals colourless; iiias'stvc vnrje- 
tics, coliiurless at white, sometimes grey, yr4lowish or rtd, 
LrsTHE.—Gf clinopinacoktal faces and t leaa^rge-pboes, sliin- 
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ing and pearlj ; of other faces, sub vitreous \ cnaEsive varieti«:9 
generally g:UstenirLg^ but sDinetime^ dull and earthy j fibrous 
forms, silky j gypsum is peJIucidly transparenl like glass, to 
transliicent and even opaque from the admixture with im¬ 
purities. H.— i'^2 I may be scratched easily with the finger 
nail. Sph Gft.—E-3. 

in Uie dosed tube^ gypsum gives water 3 
in the ilanie test, gives the citlciunl Elame, but not rLiidlly; 
J'usr^fi with MMiium nirbuoato^ fields a masis whicEi blai:kcn> 
silv^er when rnolstcnCLh readily soluble in dilute hydrochloric 
acid. 

VAJlfE^^ES."5ff^e1l^^^T includes the crystallised forms of 
gyp&uiiij a lypical selenite crystal iK'^irig; shown In Fig- 103; 
.4 la harder is a very One grained and compact snow'^whlte or 
light-coloured massive variety; Spar is the fibrous 

variety and has a silky lustre; GyfsiU is gypsum mixed with 
sand and dirt. 

OccuHRENCE.—Gvpsurn is formed in three chief ways, 
(1) as a saline residue (see ^Id) arising l>y the ev^aporation 
of enclosed basins o£ soa-water, as at Stasafurt in Gcr- 
many^ in the United States, and elsewhere, such deposits 
hdng of great commercial value, (2) accompanying the 
dolomitisation of limestone tn the sea, and [3} by the forma- 
Uon of a calcium sulphate by the action of sulphuric acidn 
generated hy the decomposition of pyrite, on the calcium 
carbonate of shells^ ctc.» in clays, —the good cry^stals of 
selenite found In many day formations, such as the Londan 
Clay, Oxfond CLny, etc,, arising in this way+ 

Uses,— Gypsum is an important minor mineral, some ten 
to twelve miliion tons being used in normal years j—the 
chief producers being the United States and France, fol¬ 
lowed by Spain, Great Britain and Canada, Italy and Ger¬ 
many; Brilaio produces almost a million metric tons an¬ 
nually : Gypsum is used as a retarder in cement, as a fer¬ 
tiliser, as a filler in various materiaJst such as paper, 
crayons, paint, rubber, etc., and in the inanufaclure pi 
Plaster af Paris^ for which purpose the mineral is heated to 
expel some o^ water of ciy^atallisatEOn and thru groand 
up. Calcined gypsum is extensively cmp|tjye<l in the build- 
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jrtg' trade, for the produetioii of various type?: of piasters» 
sheds and boards^ and for stucco work: it is also used as 
pohshlng-d>cds in ihr uiiumhiclure af pSale-gla^s, and ns an 
adulterant of foods, 

4PATITE, 

COMT- — Flutj-phosphate or chlor-pliospliale of ciitrnum, 
the first biAug Ca^F(rOj^ or 3C:iaP-Oj,.CiiFn, 

and the ’^i^conil Mur-iipatlUy CagCl(i’Oj)j or 
CaCIgj usually chlorine and duorine arc both presetUj 
fluor-apatite,—phosphate 92’26 per cent.^ Huoride 7'74 per 
cent.: chlor-apatitCp phosphate SQ-35 per cent,, diloride 
106 g per cent, 

Crvst* Syst^—H exagonal, Apatite sym¬ 
metry type. Com. Form, — Crystals conurton, 
consisting of oomhlnations of prism and 
pyramid with or without the basal plane, as 
tiliown ill Fig. irVi: also mamni ilia ted, con¬ 
cretionary and massive. Cteav. — V ery 
poor, parallel to the basal plane. Colour.— 
L'sually pale sea-green or bluish-green, 
yellowish-green or yellow; sometlrnes dif¬ 
ferent shades of blue, grey, red and browm; 
also white, and at times colourless and 
transparent. Stk£^k.—W hite. Lusthy-— 
Subresinous, or vitreous; transparent . to 
oparfue- Ffact-^ — C nncboidal and uneven i brittle. l\^ —5- 
Si-. GR.--317-3S3. 

Opt. Props. — Apatite occurs in igneous rocks as small 
prismatic Crystals, giving laUvshaped tongitudinal sections 
and hexagonal basal sections; rEfractive indices high, (tii= 
l‘^3 to 1667, e = l‘6[J0 to 1^6^, depending on the eomposi- 
tionh and polarisation colours low: basal sections are iso¬ 
tropic between crossed nicols and in convergent lig'hl when 
thick enough give a negative uniaxial interference figure; 
longitudinal sections give low grey polarisation colours, ex¬ 
tinguish stralghi, and show negative elongailon, the fa^t ray 
vibrating parallel with the length of the CtystaL 

Tests* — Lustre rather distinctive; reactions to blowpipe 
and other tests depend on the Composition l soluble Ln hydro- 
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chloric add, the sotuiion fiving^ a prccipiiate ol calciUTn 
sulphate on aildiiion of sulphuric add: red flame of cakmtn 
someiImKi given, atsd, when moisteoed with sulphunc acid, 
apatite may show the blue-green Bame of phosphorus; 

heated with magriesTiJni and molstcne^i, ^iyfrs off phos- 
pboretted hydrogen; heated with sulphuric acid» sometimes 
gives gfrea^sy hubbies of hydroiluoric acid; pri^ence of 
chloride somclitnes given by Uic copper oxide-micrDCOsmlc 
salt bead test. 

VAkiETTEs.^The two major varieties of natural puos- 
phates are, (!) Apnfiti. which has a definite chemicUl com- 
positioop and {2} Rock phosphates, sucli as phosp^onve, 
phospbatlc 11 rues tone, guano, bone beds, ct^, which have 
no definite chemical compositionr Phosphonta is a variety 
of natural phosphate resulting, in irnportanl occurrences, 
From the accumulation of organic retnains and droppings 
upon desert islands, the calcitc of the island rock being re¬ 
placed fay phosphates to form a mixture of calcium phos^ 
phate and unaltered calcite: phosphoritF may show traces of 
the-original structure of the parent rockp or may^ be coficre- 
tlonarv or marnmillated, in which case it Is knowm as 
staffeUU^ CoproUie is a term applied more particularly to 
those masses nf plu^sphate found in ijedimcntary rocks which 
exhibit a cornigated or convoluted form corresponding with 
what is supposed to have been the form of the iniernal casts 
of the intestines of certain saurians, fishes, etc.,—edprohtes 
being consequently regarded as the fossil excrement of those 
animals; the name coprqlitn has been loosely applied to 
phasphniic concreltons which have formed round fossi! shells 
or bones, and which have been worked at several geol^cal 
horimnsp—for examples, in the Greensand, Gault and Crags 
of England- Aspara^s Stone Is the hranslucent greemsh- 
vellow crystallised variety of apatite. 05feai.“fe is a massive 
Impure altered phosphate, usually ha^nng the appearance of 
lithographic stone. 

Occurrence,—* 4putjt# occurs as a primary constituent of 
iencous rocks, but only in accessory amount; it is also pre¬ 
sent in small quantity in most metamorphic rocks, and 
especially in crvstaUinc limestones; ivorkable deposits of 
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apatite occur Id pegmaiitic and pneumatolytic veins, as in 
Ontario and Norway^—in tht case of the Canadian, depos-it^ 
It is possible that a part of the apatite rock rrpresents a 
thermally-altered limestone; large apatite deposits are found 
in the alkaline syenites of the Kola peninsula i[x North 
iRtissia; dyke-like masses of apatite, rutile rmd Ilmenite, — 
called ncJronitc—have been worked in %'irgmiaH Rock phos¬ 
phates, phosphoriU-, ctCr, occur, as cvphiined ainivc, in 
bedded deposits where the pliosphate forms thin lieds, layers 
□f nodules, or the material of hone-betts, in residual deposits, 
and especially in replacement-deposits to which the originaE 
phosphate has been leached from overlying guano beds and 
has replaced the underlying calcareous rocks. Phosphate 
deposits are worked on a large scale on many of the Pacific 
IslandsT in North Africa, in Florida, Tennessee, etc^, and up 
till recently in the eastern comities of England. The nurnKtJ 
annual production Is about nine minion metric tons, the 
largest part of this coming from North Africa^ especially 
Tunisia and Morocco, other important producers being the 
United States^ Pacific Islands such as Christmas Island, 
and Soviet Russia. 

Uses. —^The most important use of apatite and phosphate 
rock is as fertilisers, minor amounts only being employed 
for the production of phosphorus chemicals. 


FLtJOR-SPAfZ^ FLUORITE, Bine John^, Derbyshire 3paj. 

Cowe.-—Calcium dupride, CaF^, 

Chvst. Svat.^ubTc. Cov, Form .—Crystals of cubes 
very common (Fig. 10&), more rarely octahedm or tetra- 
hevahedra: Huor-spar aL^o occurs compact and coarsely or 
finely granular. Cleav.^P erfect parallel to the octahedron. 
CocouR.—Colourless^ white, green, purple, amethyst^ yellow 
or blue^ Stre^yk,. — White. Lustre, — Vitreous; transparent 
to transitLcent I Fract* — Conchoidal to uneven ^ brittle- 
H.—4, Sp. Gr_ — 3-3’25. 

Opt. Props. — In thin section^ fiuor-spar is colourless; re¬ 
fractive index (i'434) much lower than that of Canada 
balsam; isotropic beiween crossed nicols. 

Tests, — C ives the reddish tlume of calcium; heated with 
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salphunc acid, g^ives bubbles of hydraflijork add gi^s, 

which cause a white o( silica to be deposited on a drop 
q£ water heid on a ^las^ rod at the oioath of ihe lulxi; 
lieatwl wilh jKJlassium bii^iilpii^ilc in a dosed tube, g-Ives 
hydroHuark acid which attacks the ^lass to form silicon 
duorlde whidi is decomposed 'm tht presence of water to g^ive 
a white ring ol silica on the tube* 

VAKiE^n '. — Blue John Js a purple or blut: variety from 
Derbyshire, and is used for vases, etc. 

OocL^KRESCE.—Fluorspar occurs in hydrothermal veins 
and replacement-deposits associated with gaJena, blende, 
quarts: and barytes, sach deposits being worketi; it is found 
also in dn veins of pneumatolyUc origin and as a minor con- 

stituent of some granites; fluor¬ 
spar forms the cementing material 
in some sandstones, as in the EF 
gin Trias of Stxjtland, The thief 
countries prtrfiucing tliior-spar arc 
ihe United States (Kentucky, Il¬ 
linois^ etc,), Germany^ France, 
England Weardale in Dur¬ 

ham, and Castleton in Derbyshire) 
and Russia. 

Uses. —The finest grade of 
fluor-spar is used in enamelling 
iron for baths, etc-, in the manufacture of opaque and 
opalescent glasses, and for the produetTon of hydrofluoric 
acid; the inferior grades are used as a flux in slefil-making 
and for foundry work; transparent Huor-spar is being used 
in increasing quantities for the construction of lenses. 



Kt'". 111^—Fluor, 


STRONTi™ MIXERAI^R 

Strontium (Sr) does not mxur in a fn^c state in nature, 
but may be prepared by passing an electric current through 
^jtrontium chloride, Ji much resembles calcium in its pro¬ 
perties. 

The chief mineraJs of strontium are the sulphate and the 
carbonate, and these are the source of the strontium com¬ 
pounds used in Industry, These strontium minerals occur 
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as nodular df^posits in sudimeTitary rocks or as veins possibly 
of hydroihernial ori|jLii. Strontium compounds have two 
main uses,—In the manufacture of fireworks in which red- 
coloured ftames are required, and in the beet-sugar mdu^try 
for the partLaJ recovery of sug^r from the molasses. In fire¬ 
works, strontium nitrate is mostly used, and in the sug^r 
Industry the hydroxide, prepared from the natural sulphate 
or carbonate, is employed. 

Tests. —StTootiuTn compounds colour the blowpipe ftamc 
crimson. Fused strt^ntiurn compounds give an alkaline re¬ 
action with litmus. With dilute sulphuric add, solutions of 
strontium sails give a white precipitate of stroutium sul- 
phatei 

The chief minerats of strontium are 

Sulphate . Celcsllnet SrSO^. 

Carbonate. Stronlianilc, SrCO,. 

CELESTINE, CELEOTlTE. 

CtTteF- — Strontium sulphate, SrSOj. 

Cbyst^ Svst. —O rthorhombic. Cow. Fobm_— T abular 
crystals resembling those of barytest—comhlnations of 
prism, basal pinacoid, macrodome and braebydorrie^ also 
fibrous, granular or massive# —Perfect parallel to 

the basal pinacoid, and good parallel to the unit prism. 
Coi^iTR. — While, sometimes with a pale blue tint. Lustre- 
— Vitreous, inclined to pearly at times; transparent to suh- 
translucent, Feact. — I mperfectly conchoidaJ; very hrittk. 
H.— Sp. Gr.—3 96. 

Tests.-—-G ives the crimson fiarae of strontium; insoluble 
in acids; fuses to a milk-whke globule which gives an alka¬ 
line reaction; fused with sodium carbonate, gives a masSi 
which blackens silver when moistened; celestlne is dis- 
ringuished from barytes by its coloration and by its granu¬ 
lar character- 

Occurrence. —Occurs as a sedimentary deposit associated 
with rock-saU^ gypsum and clay, — deposits of this type are 
worked near Bristol (Yate) and are known from the United 
States; these deposits are usually of nodular or Lenticular 
form, and they are m many cases the sour» of the celeatine 


THE DESCRIFTION OF MINERALS 


37J 


found rcplacirtg liinesloties and other rocks, Celestine* 
ocrcur^ also in the sulphur deposits of Sicily and in the cap- 
rock " of the salt-domes of the Gtdf states of the United 
States, 

Uses. — As a souri^ of strontium salts^ Vifh\ch are used as 
described above, 

STRONTIANITE. 

Coup. — Strontium carbonate, SrCOj j a smaJI proportion 
of calcium carbonate is usually present. 

CavST. SvsT. — Orthorhombic. Com. Form*’ — Prismatic 
cry&tabsT often ackuEar and divergent; -frequently twinned 
like aragonite; aJsa bbrous or granular. Cleav, — Nearly 
perfect paraJlel to the unit priam, CoLot'p. — ^Fale green, 
yellow^ grey and white> Lustre.— V^itreous to resinous on 
fract ure>su rfaces \ transparent to Era n s! ucent- F e_act . — 
Uneven* brittle^ H. —3 5-4- Sr. Gh. —3‘fl-3'7- 

Tests.— Gives the crimson hame of strontium ; effervesces 
with hydrochloric acid and dissolves, the dilute solution 
giving a precipitate of strootiun] sulphate on addition of sul¬ 
phuric acid. 

OccurREKCE.—T he chief commercial source of strontiauite 
is from veins traversing Cretaceous marls and limestones in 
Wtrstphalia, Germany; a vein of slrontlanite^ 4 feet wlde» 
cuts the Carboniferous Limestone at Green Laws Mine, 
Wcardaln, Durham; it occurs In veins with galena and 
barytes, etc-* 3.s in the original locality, Strontian' in 
Argyllshire^ and clstvi-here ; it also occurs as nodules, nests 
and geodes in limestones^ where it may be an original de¬ 
posit r a replacement-deposit, or formed by alteration of 
ceicstinc. 

USES.^ — -As a source of strontium salts which are used as 
described above. 


BARILT>I ailNERALS. 

The metaJ barium (BaJ luis lieen procured in the form of 
powder by the dec(jni|x>sitlijn of barium chloride by an 
cipctric current. It resembles calcium in its properties and 
is being used do an increasing scale in the production of 
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C4!^rtaiii alloys n for vAcuuzn tube work* and ai a harden-Fj- 
for lead- 

Baritjcti occurs In smalt amounts In many of the rock- 
forming- silicates. The rare felspar, cekicin, is a banum 
aluminiLim silicate, BaALSi^O^^ corresp<;indiii[^ to anortliilep 
CaAIjSijOi^ Economically, the most tmi>L>rtarH barJitm 
mioerals arc the sulphate (bi/ry^ej) and carbonate 
^chich arc mined front vein deposits or from rcfiidoal de¬ 
posits resufling from the decay of rocks containing veins. 
The chief prcMlnoers arc the United States^ Germany, Great 
Britain and Italy, 

The sulphate is used in the manufacture of white pig¬ 
ment, llthopone, and In various processes Hated belcw; the 
carbonate is chiefly of value as a source of barium salts. 

Te^sts,^ — B arium compounds colour the blowpipe flame 
yellowish-green. Fused hariutn salts give an alkaline re¬ 
action with Etmus. With dilute sulphuric acid, solutions of 
barium salts give a white precipitate of barium sulphate^ 
BaSO,- Barium minerals are usually whitish and have a 
high specific gravity. 

The chief minerals of barium are : — 

Stdphi^le ... Bary^tea, BaSQ^, 

I' Wi theritEp BaCO^ . 

Carhonatfs ,,, -j Bromlitep (Ba,Ca)CO^. 

[ Barytocalcite, BaCOj.CaCOa. 

BARYTES. BARITE. Heavr Spar. 

COMI". — Barium sulphate, BaSO^ ; strontium and calcium 
sulphates are often present as impurities. 

Crvst. Syst.— O rthorhom¬ 
bic. Cold. Form.— C rystals 
comRion, — combination of 
unit prism p basaJ pinacoldp 
and macrodome, as shown in 
fig^ 106; also occurs mas¬ 
sive, coarsely lamellar, 
granular, compact, columnarp and rarely stalactitic^ with a 
radiatblg fibrous Structure rcsemblmg that nf Tvood. Cleav. 
—Perfect parallel to the basal plane, also perfect 



f.u3. 10^—Barytes, ihQ^mg 
Friim, Bas^ Plane, and 
ittcTodcsme. 
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parallel to the prism (llOJ* CoLCHJJi,—Colourless or 
white; often tlng^ed with yeUow^ rtd, and broivn; 
sumetimes bluisbr StrIiiak. — W hite, Lubtre.—V ilreDiis, 
approaching; re:$Inou&, and someiinief, pearly; transpareni 
to opaque. FftacT.—Uneven - brittle. H.—3-3-5. Sp, Gp. 
—4*5. 

Tests. — Heated before the blowpipe, barytes decrepitates 
and fuses with difficulty, colouring the flanie yelJotvish- 
green; barytes U absorbed by die charcoal when fused with 
sodium car bona le, and the saturated charcoal when placed 
on a silver coin and moistened lea^'es a black stain; the 
high speciTie gravity of barytes is distinctive. 

V^ABlETlfe;S-“iCoc^sjcoi?th Bary^e^ show's tabular crystals 
arranged nearly parallel to one another, Cfiidk and BouJder 
are terms used in the Derbyshire mines, caulk being the 
white massive variety and boulder the cry'StaUtsed type, 
Bologn& Si one Is a nodutar and concretiotifl ry form of 
barytes, 

OcctrKkExcE. — Harytes is a very common veinstone In 
lead and zinc veins, where it is associated with galena, 
blende, fluor-spar, and quaru^* deposits of this nature being 
worked in the North of England, the United States, etc. 
It also occurs as residual nodules^ resulting from the decay 
of limestones, etc., containing bary^tes veins as in Virginia 
and Derbyshire- Barytes veins appear to be formed in 
various ways^ some being of hydrothermal origin and others 
arising by leaching of barium compounds from rocks con* 
taining these. The cement of some sandstones^ as for 
example the TrSa-ssic sandstone of Elgin and the Hemlock 
Stone nf Nottingham, is barytes, and it seems dear that thr 
mineral may be deposited by sedimentary processes. 

Uses. — ^B arytes is user! in the manufacture of white paint, 
especially to give weight to paper, for dressing pcK:ir- 
quality calico, etc+, and in the production of w^a 11 paper and 
asbestos goiMls. 

WiTHERITE. 

CoMK—-Barium carbonate, BaCO^, 

Cbvst- Svst. —Orthorhombic- Coii. Ftmif, — ^CiystaLs 

arc always rcp4*atitlly twimerJ ftwtnnpkino the prism). This 
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g'lving' rise to sit-sid^d prisfns and pyrafnidsn which muth 
rcscnubk those of <|uartz^ but rc-entrani ang-ks are some- 
times observed ^roup of withente twtns is sho'^’il in 
Fig* 107; witberite aisn occurs niaiisivep often with a 
oolurtinar or granular structure, or tube rose or botryoldal. 
Cl£AV.—P oor parallel to the brachypinacold. Colour-— 
White, yellowish or greyish* Streak,—W hite„ Lusttre* 
—Vitreous; resinous oo fracture-surfaccs; sitbtransparcul 
to transtuceut- Fract.—^U nevCTi; brlltle* H.—S-h. Sf, 
Gh.^-3. 


Tests.—C olours the flame yellowish-gTecri; c(ferve&e«5 
with hydrcKzhloric acidj the solutian giving a dense white 
precipitate oo the addition of sulphuric acid; the weight is 
noticeable. 



FIG. Ityj.—^Vitberiie Twins- 


OccuRkEiVCH.—Wit he rite oc¬ 
curs as & gangue minera!, asso¬ 
ciated with galena and barj"teS:K 
in many of the vein3 of the 
North of England ^—^Important 
localities arc Scttlingstones and 
Fadowfteld m Northumberland^ 
New Brancepeth Colliery in Dur- 
harn^ many of the Alston veins 
of Cumberland^ and near St. 
Asaph to North Wales. 


Uses.—W itherite is the source of barium salts* and the 
finely divided sulphate required in certain processes is pro¬ 
duced from it; smEill quantities are employed in the pottery^ 
industry. 


Bramlite, AlHtonite. 

Breunhte a dmible carbonate -of bariuni and [zalcimn, <|Da^Cii]C04, 
Id which cRkium ns places baHuni in varying pcopoitlona. Dromlitc 
k simiiai^ [□ WlLhctUr in propertiw and modE of orcurreoce it ifl 
I'pund iu quantity in iievarat of the baiylra-withtifiie veina of 

Lhe Vunh of Euglatld. 


BARYTIKTALCITR 

Comp.—^E kiuble carbonate of barium and calcium^ BaCO^ 
CaCOp. 
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Chvst. Svst.—^M anoclinic. Com. Form.—I n prismatic 
crvsrals; afso massive- Cleav. — Perfect prismatic- 
CoLDL'R.—While, greyish^ nr yellowish. Lustre.—V itreous 
or sIlghEty rcstnou?!; transparent to translucent, Fract. — 
Une%^en, H.— 4, Sp. Gr * — 

Tests* — G ives the yellowish-green flame of barium+ 
rarely the brick-rcct flame of calcium; effervesces with 
hydrochtoric acid; when heated on charcoal, the barittm 
carbonate fuses and slnk^ into the block, leaving' the caJ- 
cium carbonate as an Infusible mass. 

OccuKHENCE.—Occur,in barytes and lead veins at Alston 
Moorj FaltowficldT and elsewhere !□ the North of Eng:3and. 

RADnnVI AnXERALS- 

The salts of radium resemble those of barium Ln their 
cJ^emical and physical propertyes^ and radium minerals 
would be appropriately described here. The sources of 
radium are^ however, uranium minerals in which the radium 
occurs in minute quantity^ and so discussion of the 
properties, economics and uses of radium \s placed with 
the descripitnn nt the uranium minerals on pp. 465-463. 

BERYLUUM MINERALS, 

The metal berybium fBe) or glucinum docs not occur 
native^ but can be □btained by the electrolysis of its fused 
compounds or by the reduction of the oxide or fluoride. 
Beryllium is a white metal with a spcclflc gravity of about 
t tep and Is thus much lighter than aluminium. The metal 
is employed in the production of special alloys^ mainly with 
copperp but also Avilh iron and nickel; research will un¬ 
doubtedly extend these ttses. The ore from which beryIlium 
is. obtained is Iwry!^ which is available ns a 

by-product in the mining of mica and Idspar depoisils 
in pegtnfltUes. The only other bcryllium^bearing mineral 
described here is c/irysoberyi^ SeO.Al-O^, Both beryl and 
chrysober)'! are used as gemstones. 

The bery*Ilium minerals described here arc :— 

... Beryh BcgALSi^O^n, 

Chrysuheryl, 
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The blowpipe testfi for beryUiurn are not good, and the 
element L& detected onlj rather lengthy chcnnical tests r 

BERm 

Couj*.—Sl|Ei:au- of l^eryllium and aluoiinuini, 

Thr siruLl lire of Ik'ryl flesrrsbtd ijni p. 140. 

Crvst. Syst.— Hcxflg^onal, Beryl Type, described and 
figured on p* 03. Com* Form.—C rystals common, often of 
large size^ one from Albany^ Maine^ being IS feet in length 
and weigbirig IS tons; crystals are of prismatic habit, being 
made np of the hesagnnal prism, occasionally showing the 
pyramid and basal pinacold as the terminn" 
lion, as illustrated in LU8; also found 

massive, crystailine, Cleay. — Indistinct 
parallel to the basal pinacold. Colour. — 
Emerald-gretrn and pale green (emerald), 
pale blue (aguamarbi^), yelloiv or white. 
Stee.^k.—VV hite. Lu stre — Vi treous to 

resinous; transparent to subtranslucent ; 
coarse kinds art opaque. Fract.—C on- 
choidal or uneven ; brittle. If . — 7"5-8' Sp# 
Cr .—2 7 

Tests.— H eated before the blowpipe alone, 
beryl anri its varieties become douded, but 
otherwise unaltered, except tl^at after pro¬ 
tracted heating the edges ol splinters bccorne rounded; the 
mean refractive index of beryl is !‘50. 

VAHlETtES.—Emerald is an emerald-green or pale green 
variety used a^ a gemstone, ^—^the colour is due to a small 
content of chromium; AquaTnarin^ j:S a pale blue variety; 
the term Bi^ryl Is applied to the coarse kinds w^hlcb on ac¬ 
count of their opacity are unfit for jewellery. 

OcciTRBEKCE* — Beryl occurs as an accessory mineral ui 
acid igneous rocks, such as granite and pegmatites^ in the 
druses or cavities of w^hich large ciy'Stals often project, as 
in the Moume Mountains granite; it is also found In meta* 
morphic rocks of various types ; the gem varieties come 
chiefly from Colombia where the beryl Is found to veins of 



lOfl— 

beryl 
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calciic tutEin^ blacfc Cretaceous shales, Uom Brazil in 
altered Iknestones and \n pegmatites, irom tlic UraEs in 
mica-schists withini a metatnorphic aureolei and from a few 
less Important localities, 

CHRYSOBERVL. AUiatidritc. 

Comp.—B en,Ilitim akiminate, 

CavsT. SysTh— Orthorhombic. Com. Fokai. — Prisma tic 
crystals, often twinned un a prism to produce stellate and 
sin^sitled lorms+ Cleav.—P oor parallel to the pinacoids 
(lOO)j (OiO), distinct parallel to the brachydonie. Coloup. — 
Shades of ^reen^ LuSTPE.—Vitreous; translucent to trans¬ 
parent. Fract.—C onchoid a I and uneven^ — So. Sp* Gr. 
—3 0 3 S, 

Trsts. — R ecogntsed by its physical properties; heated 
with cobalt nitrate on charcoal g\v^ a blue mass. Indicating 
aluminium. 

VAHii-TitLS. — is a greenish variety which is 
reddish by artiRclal light, and is used as a gem. 

OcdJBRicNCE.—Chrysobcryl occurs in alluvial deposits^ 
and in place in granite, pegmatite^ gneiss and mica-schist^ 
Citm varieties come from the LTrals^ Ceylon, Madagascar, 
etc. 


MAGNESIUM MINERALS. 

Magnesium (Mg) Is not found free native, but la pre¬ 
pared artificially by electrolysis of a rnixture of anhydrous 
magnesium chloride and potassium or sodium chloride, ft 
is a silver-white metal^ easily tarnishing to the oxide mag¬ 
nesia, MgO, The oietat is employed in the manufacture of 
light alloys and castings^ especially for aircraft, and in 
various metallurgical processes- It is manufactured from 
magnesium chloride recovered from saline residues, or froEn 
the same compound produced from the carbonate, mag¬ 
nesite- The annual production is between BOhOOO and 35,^000 
tons, the chief producers being United StateSi^ Britain, 
Germany and Japan. 
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is esElmated to constitute about 2'7 of the 
tanh's crust. It enters into the composition of a iar^c num¬ 
ber of rock'formtn^ silicates^—one great group of these 
being the ferromagnasian siticaiss, which includes such 
common rock-forming minerals as biotitc, pyrostenCt amphi- 
bole» otivjne, etc. The magnesium-bearing silicates arc de¬ 
scribed with the other silicates on pp. LKiO-42fi. 

The chief magnesium mineral of ccortomic importance is 
mogrteyiie^ MgCO_j, which is used for fumace-Jinings and 
other purposes menttoned below; MgCO^^CaCO,, 

also of great industrial importance, is described with the 
calcium minerals im p, The sulph a I eft, epjomrte* MgSQ.n 

7H„Ot and hleserita, MgSO^.H^O, are used in chemical 
manufacture, tanning, etc.; the complex salts of mag¬ 
nesium, potassium and sometimes calcium, such as poly- 
halUe, UgSO^ . K,SO*.2CaSO^.2H.O, kaimia, MgSO*.KCI. 
3 HjOt and carnalUle, M^lj+KCt.bHjO, which nccur as 
saline residuesk arc described with the potassium minerals 
on pp, Horacitef 5MgO,iMgC]^.7BaO^^ Is a source 

of boron compounds and is accordingly dealt whth under 
Boron on p. 300. Spinal, MgO.AijOj^ used as a gemstone^ 
is descrihtxl with aluminium on p* aOd. 

Tests.-— The tests for magnesium are very unsatisfac¬ 
tory^ Some magnesium compounds, heated on charcoal, 
moistened with cobalt nitrate and strongly reheated, give a 
pink residue. On the addition of sodium phosphate to an 
alkaline solution of a magnesium salt^ a while precipitate 
of ammonium magnesium phosphate is throwm down» 

The chief non-silicate magnesium minerals are 


Oxides 

Pefidase, MgO. 


Brudte, Mg[OH)j. 

Carhomies 

Magnesite, MgCOj, 

Dolomite,MgCOj.CaCOj {see p. 2tl3i 

Suiphaies 

Epsomite, MgS0^,7H,0. 

Kieserlte, KfgSO^.H.Q, 

Palvhalftc, MgSOj.kjSOj.SCaSOj, 
2H.O {see p, SS3). 

Kainlte. MgS0,.KCI.3H,O (see 
p- 225). 


th[l uESck[moN or 




Chhridv 

Chloride and 
Borats 
.‘J/iitPlinftte 


CarnaHlte, M^Cfa.KCLeHjO {sfse 

p. 224). 

Boracite^ 5Mg0*Mg;C1^.7B,0^ (sec 

pp m}}, 

S|]i]fiel. (ser p. 


Perict&iCp Nutive MaeneslL 
Cavp.—Magnesium Dtida, MgO, 

Cmy*t. Svst, — C ubic. 

CtUMmas AND OttTjniENCE.— rcriciase ixcaig. ta dark fimh 
grains and Cct^edra., shDWtne a pcrfact cubic cJravage, disscmiaalcd 
In masaaa [imcaCooe caugbl up and contaci-meiamQrpbQatd by the 
l*i^aa nf Monte Sornmap Ve 9 wviu 9 , and alscirfrefeT ibn origlaal‘lime¬ 
stone CbUtaiiied doIomilBj and tbe nilgncsimn carbotiala of Ibia difi- 
s^iated on being aubjectod to tteat Ldieu porickse aad carbon.dIcKxide, 
tba r«sullliig rock being pcHcEase-marblc; pcrickse^ baweiiar, U 
easily convened iblD brncite^ MgO.HjO, bj bjdralion, so lhat 
brucite-n'1.1 rtjli»i r^isMlt. 


BRUCiTE, 

Criwp.—HjTfrous oxide of ma^nesiunip -\lg(UH)^. 

Chvst, Svst.— H exagonal j rhombohedraL Com. Form. 
-^Prismatic and broad tabular crystals; usually found mas- 
sive and foliaceous^ sometimes fibrous^ —^the 1amms being 
easily separable and ffexible, but not elaFlit, and the fibres 
being separable and clastic. Cleav. —P erfect parallel to 
the basal pinacoid. Colour.— W hitt, often bluish, greykh 
and greenish. Lustre. —O n cleavagt-plane.^, pearly^ else¬ 
where betw'cen waxy and vitreous ; fibrous kinds silky ; trans¬ 
lucent to subtranslucent. H — S- 5 . Sp. Gr , —2 m. 

Props. — Colourless in section^ W'ith a moderate re¬ 
fractive index and strong doubk refraction^ giving bright 
colours betAvceo crossed nicots; uniaxial posttive,—a charac¬ 
ter distinguishing it from Laic, gy^psum and muscovite. 

T£.=;ts.—I feated in the dosed tube, gives off water, and 
becomes opaque and friable j before the blowpipe, becotnes 
brilliantly incandesccjit, and yields a pink mass when 
moistened whh cobalt nitrate and strongly reheated ? soluble 
in hydrochloric acid^ which dlstinguisheB it from tale and 
gy'psum; brucite is distinguished from heulandite and stil- 
bjte by its tuftisibillty. 
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OccuRHENCE. — As stattid in the account of pericLase above, 
bmcitc ia found in contact-nielainctrphosed impure lime- 
stjDDEii^ called pencaikes or — topical esrampica 

coming; frotn the Tyrolj Skye, Assynt in Sutherland; it 
occurs also in veins trBverii5n§^ serpentme [a magnesium-rlda 
rockj as in Onsl* Shetland. 

MA(;N£SItK. 

Coup*—M agfiiesiuin carbonate, MgCO^^ 

Cryst- Syst^— HeJtagonal, rhomhohedral. Com, Forsi- 
■—Crystals very rare^ and resemble those of dolomites mag'- 
nesite is commonly massive and hbraus, somclirnes very 
compact^ and ^ometknes granular^ Clrav.— Perfeel rhom- 
bohedraJ in crystals, Co ldcr-—W hiter groylsh-white^ yel¬ 
low Ish, or browns commonly chalk-like. Lustre- —’V itreoLis; 
fibrous varieties* earthy and dull; transparent lo opaque. 
FhaCt-— Flat, eonchoidal, H,— ^■5-4‘5, Sp. 

crystals, 3 ; of earthy varieties^ from 2'E to over 3. 

Tests. — The compact tbaik-like variety is quite distinc¬ 
tive; niagnesilc cFervesees with hot acids; heated on char- 
coal, gflves an incandescenl masst which^ when moistened 
with cobalt nitrate and strongly reheated, turns pink. 

Occurrenge. — E conomically important deposits of mag-- 
nesste occur in two chief ways: — the first is as Irregular 
veins and fracture-stones in serpentine masses from which it 
has presumably been derived by the action of waters con¬ 
taining carbon-dioxide,—such deposits are worked in 
Greece, [fidia and elsewhere: the second type of deposit Is 
found replacing dolomite and limestone, and is most likely 
due to the altera lion of these rocks by solutions coming 
from an igneous magma, — ihe Austrian deposits are of this 
type and supply an importaint part of the Avorld producticin» 
and other similar deposits are worked in Manc±ur]a, Wash¬ 
ington and Quebec. Certain bedded deposits of magnesite 
are interpreted as saline residues. 

Uses.—^M agnesite is uacd in the production of carbon 
dioxide, magnesium and magnesium salts; its most im- 
portant use is for refractory bricks, furnace-linings and 
crucibles; It Is employed in the manufacture oJ special 
cements, and in the paper and sugar Industries. 


DESCRIPTION OF MINERALS ^3 

EPSOMITE, Epsom S^ta- 

Cowp. — Hydrated rnag^nealum solpbaEe^ 

Cryst. Svst-—O rthorhombic. Com, Form.—C r^'stals 
rare^ prismatic; cornmonty in fibroui crustSt or botryoldal. 
CoLOCR. — WbSte^ Lustre.—V itreous; iransparent to trans¬ 
lucent. Taste.—I tittor and saline. H.—2-2 r}. Sp. 

1"6S. 

Tests.—S oluble; heated in the closed tubc^ g'ives water; 
heated with cobalt nitrate on charcoal^ g:ives a pink residue; 
the mass obtained by heat rug with sodium carbonate on 
charcoal when moistened and placed on a silver coin, pc'O- 
duces a black stain. 

Occurrence. —Epsomile occurs in solution In sea-water 
and in minera] waters; It Ls deposited from the waters of 
saline lakes, as In British Columbia and Saskatchewan; it 
occurs as efflorescent crustji and masses as in the limestone 
caves of Kentucky^ and encrusting serpentine and other 
rocks rich In ma^esium. 

Uses.—I n medicine and in tanning. 

Kiesente. 

CouF_— HydratEd magneaium siilphat^ _ 

CflAlt.^CTfiks AKD OcctrsTiFJfrK. — A white! mineral inaSaive granular 
ar rcTTUpaut^ cxztnrrlng at a aaHun rEsidLte in Staaafnrt^ GETWianyk 

{for wIliiTJl p. in sinlilai dapusLls dswtuinE. 

ZINC IVnXERALS. 

Zinc (Zn) is a bluish-white brittle metah possessing a 
crystaflin.e structurCp and is reported to have been found 
native in Australia. It melts at and has a specific 

gravity of about 7T5* At a temperature between JOO'C. and 
150*C. it may he rolled out into sheets or drawn into wire, 
hut at 300*C. it reverts to a brittle condition, and may be 
readily powdered under the hammer, k becomes super^ 
hcially tarnished in moist air, and is soluble in dilute acids 

Zinc is obtained by beating in retorts at a high tempera¬ 
ture its masted or calcined ores In admixture with coaJ ur 
coke; the zinc oxide is reduced to metal, which, being vola¬ 
tile^ distils and is condensed; in this process, sulphuric acid 
resulting from the break-up of the chief zinc ore, the suT 
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phide, is obtained as a by-product. A considerable propor¬ 
tion of the metallic zinc produced is obtained by an 
electrolytic prfK-ess; the roasted ^tru: sulphide ore conqeo- 
tf-ates are extracted with sulphuric acld^ and the purified 
solution is electrolysed bettveen aluminium cathodes and 
Insoluble lead anodeSt—tlius is obtained dne, ^ 9 per cenL 
pure^ and cadmium as a by-product, 

Metallic zlncy or spelUr, is used chiefly for coatin^,—'gal- 
vajiising^—ironp and in the manufacture of various alloySi 
chief of which is brass, others being- German Siiv'er and 
white metal. Zfnc is also emptoyed in tubes for containing; 
tooth-paste and the like* Zinc oxide and zinc sulphide are 
us^ as pig;tnerils^ and are someUrnes specified in place of 
white lead; they are less poisonous and retain their colour 
better than white teadp though their covering power is In¬ 
ferior, Other salts of zinc are industrially important,—the 
chloride Is used m soldering^ and In preventing decay in 
wood, and the sulphate is employed in dyeings glue-making 
and other processes k 

The chief sources of alne are the sulphide, blende or 
sphaleritej ZuSp and the carbonate, ZnCO^. 

Blende often occurs in vast quantities associated with 
galena^ which Is an object]onahle constituent from die point 
of view of the zinc smelter. The metallurgical treatment of 
this "refractofy sulphide ore"' has long been a problem, 
and although great Improvements have been effected m 
medianically sepafaling the two values by wet dressing, 
oiUhotation, etc., and various chemical and metallurgical 
processes have been devised, it does not yet appear to have 
been solved by a process of universal application. IViur- 
cLpally owing to the improved methods of mechanical 
sepanition, large deposits of Kinc-lead suphlde ores of Imv 
^mdv liave tH^-n opened up. 

Smithsonite^ ihe carbonate, is not amenable to vuei coii- 
oentration, and smelters do not readily purchase such ores 
containing less than 35 per cent, zinc. Fluor-spar is fre¬ 
quently associated with 21 nc ore-j and Ls an objectionable 
constituent. 

The world production of spelter amoimted In 193v; to more 
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ihafa a milUnn tons,—the diief prqducer?i of the Tncta] being 
United States., BeUglum, Canada, Poland, Germany, Aus¬ 
tralia, Great Britain, France and Noru-ay^ The thief zmc 
Ore-producing country 15 The United Slates; the percentage 
of zlnq in the ore mined is frequently very invi and often 
averages only 3 per cent*, but this is increased by concen- 
tratjon. The Broken Hill district of Nnv Sotith Wales 
produces annually nearly a quarter of a rniHion tons of con¬ 
centrates averaging: over qO per cent* metallic zinc. 

The most Important primary zinc mineral is hlsfide. 
Deposits carrying bknde at depth have often undergone 
alteration at the surface with the production there of the 
oxy-salts such as the carbonates, smlHisotihe, ZnCO^, and 
hyd^^QciirtcUe, S^ZnCO,.3^£1(0111-. the hydrated silicate* 
morphiitj^ Zn^SLO^(OHL.H^O, and sotnettmes the anhy¬ 
drous sitlcatCT ZtinSiO^; in such oxidised zones the 

hydrated aulphale, goslarite, ZnSO^.THjO, often occurs as 
an cfRorescence. 

In most occurrences of zinc ore, the blende is accom¬ 
panied by galena. There are several types of zinc deposits. 
In one very important type ilTuslrated by the great Tri-State 
field in the Mississippi Valley, gaJena and blende occur as 
metasomatic dfsseTtiin^lions or gash, cavity or joint fillings 
in limestone; the ore is certainly epigenetic, but whether it 
was derived from below^ and transported 1:^ ascending solu¬ 
tions. or from above and carried down^ Is a matter of 
discussion^ The important Broken Hill deposits occur in 
lodes along fault-planes in a scries of metaniorphoscd rocks, 
and are of hydrothermal origin. Other deposits of hydro- 
thermal origin replace limestone and are exemplified by the 
LeadVdie* Colorado^ field. Other zinc-lead deposits are 
found as contact-metamorphic deposits, but tliese are not 
very important. The ore of the famous Franklin Fiiraace 
deposit of New Jerst^y is fnmUimttij, (Fe,Zn*Mn)- 
(Ke,Mn)jO^, ’trritpmU^ and ^mche, ZnO, and occurs as 
bands and lenses in crystalline limestone; this remarkable 
deposit IS interpreted as of pyrornctasomatlc origin, but mav 
possibly be a hydrotberma] zinc deposit whidi has been 
subsequently contact-metamorphoscd. Finally, the decay of 
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rocks siicb ^5 liTnestanes in whlcli there are zmc^lead veins 
and deposits g-iveii nse to residue] deposits of these minerals. 

Tests, —Zinc minerok heated on cNarcoal g-ive an en¬ 
crustation which Is yellow when hot^ white when cold ; this 
encftislatayn, moistened with cobalt nitrate ani;| strongly 
reheated I assumes a fine green colour* 

The nomenctalurc o! some of the zinc minerals is rather 
confused; the sulphide is usuaily called alnc-blende or blonde 
in Britain, but iS knovsm as sphalerite in America; the 
anhydrous carbonate has been cahed calamine in Britainp 
but sttiEth^nite in America; thre hydrated silicate Is hetni- 
morphite in Britain^ but has been called calamine in America. 
It is recommended that the name calamine should be dis¬ 
carded. The zinc minerals considered here are 


Eltmeni 

SuJphide 
Carhnnaiv 
Bajrtc Carbonate 
SHicates 

Sulphate 


Native 75!nc (doubtful). 

Zincite, ZnD. 

Franklliihc. (Fc,Zn,.MnHFc,\!n),Oi. 
Blende, SphaleritCi ZnS. 
Smsthsonite, ZnCO,. 

Hyd rozin dt e, 2Zn CO^ *32n(0 H)^. 
WiElemite* Zn^SiO^, 

Hern i morp hi re. Zn ^ Si^O^(Q H) ^. H^O 
Goslarite, ZnSO^.TH^O. 


Native Zinc. 

^ Native ib tu JiavE beta '^urul bl basalt iicar 

m AiulrEJia. hoU has atso been reporte^j as tjeEurrine. in tb? auri¬ 
ferous sandj of the Nitlamiita River in the satM district, associated 
with and cDrufiduiflr Tho existence of natiTc lanc its bowEver 

atiu doubled. Zinq has been ariilicaUy eryitaUisEd in heiaFaDa'] 
prisma, with to^f pyramidal termf nations. 


ZINCITE. Red Oxide nf Zinc. Eptirtairte. 

Comp. Zinc oxide, ZnO| usually contains impurities of 
oxides of manganese, to which U is"considered the colour is 
due. since chemicalty pure oxide of zinc Is white; the man¬ 
ganese impurLties have been found to vary from mere traces 
up to 12 ptr cent.; occasionally traces of Iron oxide are 
present, 

Crvst. Svst.—H exagon alp hemlmnrphic. Com, Form.- 
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Crystal* not cornTnon ; u^iually found foltacepu^i 

g^ranular^ or in disseminated g:rains* Ci^ea’p. — P erfect basal. 
Colour .— Deep rcd+ bist when in very thin scales deep 
yeflow by transmilEed tight; wealbers to a white crust ot 
zinc carbonate. Streak. — Orange-yeiloiv. Lustre. — Sob- 
adamantine : translucent to subtransluccnt. FftAtrr. —^Sab- 
CDnchoidal; brittle. H,— 4-4-5 . Sr. Gh. — 5-4^^7. 

Tehts,—H eated in the closed lubt^ it bbekena, but on 
cooling' reverts to its Original colour; dissolves in acids 
without etTervescence; heated alone before the blo^ipipe, it 
is infusible; heated in the reducing- flame on charcoal, it 
yields a white encrustation of zinc oxide, \vhich turns green 
when moistened with cobalt nitrate and reheated in the 
DxJdking fin me; manganese usually present as indicated by 
reddish-violet colour of the borax bead lo the oxidising 
flajne- 

OccirttREhCE.—^curs with franklinite, w^Hemite and cal- 
cite in the Franklin Furnace ore deposit in New Jersev, and 
is of pyrometasomatic or contact-mttamorphlc origin [see 
t>cfore on p. 295, and after on p. 2871. 

FRANKLLXim 

Cdmp. — V ariable; oxide of iron, a-inc and manganese, 
[Fe,^n,Mn) (Fe.Mrt ; compare the spinel cofttposiLiori 
Of] p. 306. 

Cryst. .Syst. — C ubic. Com* Fossi.—Octahedra, often 
rounded at the edge^i r also in rounded grains, and massive* 
CoLOLm.—Black. SrnEAi:.—Black. Luarac. — Melallic; 
opaque. Fract.—U neven; brittle. H.— 5n-0&. Sp. Hr,— 
5-52. 

Testts*—B orax bead amethyst coloured in oxidising flame, 
due to manganese, and in rediidog flame bottSe-green, due to 
iron; sodium carbonate bead is bluish-green; heated with 
cobalt nitrate on charcoal^ greeni.sJi oiass due to zme* 

OccUHRESTE — Franklinite occurs at Franklin Fumace+ 
New Jersey, associatefi with wiSk-imite, zlndte and caJdte, 
an average ore being oO ^r cent, franklinite, 25 per cent, 
witlemite^ 5 per cent, zindte, and 20 per cent, caicke ; the 
zinc minerals occur as rounded grains and lenses In a 
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crjfftUlitne limestone 3nd are considered lo be tbe result al 
pyramelasofflatlsm, but may possibly result from the contact- 
melamtjrphisrn of previously CKistbg- hydrothermal itnc 
deposits^ 

BLENDE, SPHALERITE. Black Jack. 

CoMP-—^Zinc sulphide, ZnS; pan of the dne is^ however, 
usually replaced by Iron, and a littlf: cadmium is often present, 
but never reaches 5 per cent. 

Cryst. Syst.^— Cubic, teirahcdral. Com, Form^— Tetra- 
hedra (see Fig* 3t) and rbombdodecahedra common; 
crystals often twinned and modified, the forms bein^ then 
difficult to determine; also occurs massive and compact, and 
occasionally botryolda] or fibrous, Clea v.—Perfect parallel 
to the faces of the rhombdodecahedroo. Cololir.— Usually 
black or brown, sometimes yellow or white and, rarely, 
colourless. Streak. —’White to reddish-brown. Lubtke*— 
Resinous to adamantine; transparent, translucent or opaque. 
Fkact.— Concboidal; brittle^ H. — 3'EM,. Sr. Gh, — 3^&-4'2- 

Tests.—H eated alone before the blowpipCT Infusible^ or 
very dlfbculty fusil>lc; with sodium carbonate on charcoal 
in die reducing flame, it colours the flame strongly green; 
on Charcoal, when roasted in the o3ttdislng flame, and then 
Intensely heated in the reducing flame, it yields an encrus¬ 
tation of zinc oxide, which is yellow^ when hot and while 
when cold,—this encrustation assumes a green colour w^hen 
heated with cobalt nitratt solution; some varielics of bleode 
healed on charcoal with sodium carbonate first give a 
reddish-brown coating of cadmium oxide i blende is soJuble 
in hydrochlonc acid, with evolution of sulphuretted hydro¬ 
gen,—^tbe sotuElon gives a white precipitate of Kinc sulphide 
on the addition of ammonium sulphide. 

OccLmREKCE.—Blende is the common ore of zinc and Is 
found associated with galena In deposits of various types, 
as ment toned on p, ; examples t.if these types are the 
metasoma Lie deposits In limestouc of the Tri-Siatc field in 
the United StateSi hydrothermal lode and vein deposits of 
Broken Hill, N.S.W., Colorado^ Cornwall and Cardigan¬ 
shire, replacement-deposits in Irmestone as In Derbyshire, 
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CumberJand^ Westphalia and Colorado^ and con tact-jneta- 
morphic deposits as in New Mesico. Uses.^ — B lerrdc is the 
most iEnportani ore of zinc- 

SMITHSONITB, IfotmcTlj Calamine in Britain), , 

Comp, — i^inc carbonate^ ZnCO, s the zinc is often partly 
replaced by iron or man^anese^ and a little lime, magnesia 
or cadmium oxide is often present. 

Cm Sr- Syst.— H exag-onaJ, rhonubohedral- Cow. Form- 
^Crystalsj modified rhombohedrai rare; contmonly found 
massive, reaiform^ bolrj^oidaJ, stalactltic, encrusting^ granu* 
lar or earthy, Cleav. —^Perfect rhombohedraL Colour, — 
White, greyish^ greenish, browolsh-white. Streak. —White. 
Lustre* — V itreous, inclining to pearly; subtraosparent, 
translucent or opaque, Fract,—U neven ; brittle, H.— 5'5, 
Sp. Gr,—4-4‘5, 

Tests —Heated in the dosed tube, the mlneraj gh^cs off 
carbon dioxide and turns yellow when hot> w^hite when cold; 
heated alone before the blb^^^plpe it is infusible; heated or 
charcoal, moisiencd wkli cobalt nitrate and sirongly re- 
Ijcated, it assumes a green colour on oooling-; heated whth 
sodium rarljonate on dinrxr^iil it gives sttne vapours and 
forms die usual rniTitstatlcn of ziuf' isjcide; soluble In hvdro- 
cbloric acid with effervescence^ 

GccUHRE>rcE.—Smithsomte occurs in beds and veins, and 
is usually associated with blende^ hernimorphlte, galena, and 
iron and copper ores; in many cases it Is a metasomatic re¬ 
placement of limestone but it is probable that it is always a 
secondary ciilneral resulting from the alteration of primary 
blende, LocalltierS arct for example. Mend ip Hills (Sotner- 
set), Matlock (Derbyshire), Alston Moor (Curnbcrland), 
Lead hills (Scotlandjit and in most lead and zinc mining 
centres* 

Uses, — ^midisonlte is an important ore of zinc; commer¬ 
cially, the term calamine Includes the zinc silicates as wdl a$ 
the carbonate* 

HTdrozindtek 

C?>MT,—Bask aicui carbontle, TZnC0,,3^n{0H^a, 

C^iaraCTEKS and (.Iccum EXCAv—M oncA:liniL7, but uaually ■occmria];! 
tuassive, ffbroua or encm.^ting ; whlt£ la r^ti3out, bardaes^ '1-2-fii, 
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ipocific gWTity 8-M-ai TBsalta fToni the altifetigm □! btendB, end 

fouDd wirh sraillmoniie in the oxiditiafi loncfi of imc oepotiUp M 
neaf ^anUndfiTp SpliDp ftnd ekewhere. 

WTLLEMITE. WilhelmitP. 

Co.^iK—Zinc silicate, Zn^SlO^- 

Ckvst, Stst^—H exagonalp rhombohedral. Com. Foum. 
—Prismatic crystals, farmed by tiex^onaJ prism with 
rhontjohedra! termtnatioBS^ also massive. Cueav.— Tv^o 
imperfect cleavages, Cduditii-—-G rctn, y el low or brown. 
Lusttre,—V^ itreous to resinous. H.—5-5.5. Sp. Gr.— 4-4'i. 

jpsTs.—Heated on charcoal, inoistened with cobalt 
nitrate and strongly reheated gives a green mass t soluble in 
hydrochloric acid, the solution gelatinising when concen¬ 
trated. 

Varutv.—T roojftfe is a variety occurring in targe 
crystals. Occurhemce.—W illemite occurs with zincite and 
franklmite in ibe deposit at Franklin Furnace^ New Jersey, 
mentioned on pp. -iHS. 2^1 \ also at Moresnet and Mon- 

lagne, Belgium, and Raibh CarinthLa. 

HEMIMORPHITE* (tamietlj CsilamlTie in Airiarica), Electric 
Calamine, Gaimei, Silicate vf Ztue. 

Comp.—H ydr^ttxl ^inc silicate^ Zn^^UOj[OHJg.B.O. 
Chvst. Svst.^—O rthorhombici hemimorphic+ Com. Fqhm. 
—Modified orthorhombic prisms^ the opposite extremities 
terminated by dissimilar faces; crystals frequently twinned; 
also massive, gmnular, fibrous, niammlilalcd, encrusting, 
stalactitle, Or banded. Cleav. — Perfect prisTtiailc* Colouh. 
—Whitti yellowish-brown, sometimes fabtiy greenish or 
bluish; sometimes banded b blue and white* Streak.^ 
White. Lustre.— Vitreous; sub-pearly on basal pinacoid; 
sometimes adamantine; transparent to translucent or 
□paque^ FftACT.^ —Uneven j brittle. Otheh Proferties.— 
Becomes electrically charged when heated, and phosphores¬ 
cent when rubbed- H-—^1^5-5. Se. Gn.^—3'45* 

Tests-—H eated in the dosed tube, it decrepitatesi 
whitens and gives off w^ater; heated alqne before the blow- 
pipe» it is almost infusible; heated with sodium carbonate 
on charcoal, gives an encrustation yellow while hot and 
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ivJnt-c when cold,—Lhis encriislation moistened mih cobalt 
nitrate and strongly reheated^ assumes a green colour; hem!- 
morphite g^olatinises with acldij, and is decomposed even by 
acetic and with gelatinisatlon; hemimarphlte is soluble Id a 
strong solution of caustic potash. 

OccLfRJiENXE,—Accompanies the sulphides of zlac^ Iron 
and lead, and Is found associated with smiihsonite; it is a 
product in most cases of the oxidation of primary sulphide 
ore; occurrences arc as for blende and smithsonite above. 

GanLiriteT Whlt« VilrioL 
Cuur.—Hydratftt^ xinc gyiphaJe, ^SOi.TflaiO. 

OvST. SrSX—Ortb^rbombic. CnW. Foxm.—P risjitatic crj^^taJsi 
usually auUBctitsc or entrust! pg, CuyLV.—Peffert pflrAflfi] ha ihe 
bmchypinxcoicl, Cotpua.—Whii^ St^e^k.—\^ bile. Lpstbe.— 
Vitreoug?: trimspareni to Taste,—^^ atrifigent, tuetaUii; 

an cl pauaepus, H,—2-3-S. Sr. Gm,—3-1, 

1ESTS,—Heated in the dcjsed tube, it boils and gives olf water, 
fusing ta an claque white mass,; beated on tbarcoal, fuses with 
cbuUitlnn, iind gives an eocruEtaTioo of idnc oxi<f^ yellow hot, while 
entd,—iJiis eiucruatation moi^waed with cuhaJt nitrite and reheated 
gives a giEen cnasa; gwlarlte it readily lolubk in waier, ihe solatioo 
yielding a whita prenipitaie ol barium eulph&re cm the addiLLon oE 
Imrinai nfilaride solutiunr—pEcsance of ^Ipbaie. 

OccuaHtwdt^—Gosleriie results trooi the deesropetition cri blende, 
and U found sparingly in some of the CotDlsh tuinea and at Holy- 
wall, Flinishira; the chief bcality La the Kaffiflielsberg Mine, Goalar, 
Grrmany,, 


CADMIUM IVnNERALS. 

Cndmmm (Cd] Is a bluish-white metaJ having- a brilliant 
lustre, and closely resembling line. It is very tnalleable and 
ductilej and has a specific gravity of about 8 6 and melts ai 
320*C, [t Is found in nature as the sulphide, greeriockite^ 
but this mineral is of rare occurrence. Cadmium also occurs 
in small quantities, probably as the sulphide also, in zbe 
ores^ and the metal is obtained m a by-product In tht dls- 
lIllatiaD or electrolysis of zinc ores, in which It seldom occurs 
in greater amount than 0,4 per cent.^ and usually less. 

The production of cadmiuin averages about 2,000 tons 
annually, the chief producing countries being chose for zinc, 
—Unit^ States, Canada, Australia, Poland, Norway^ and 
KTnnre. Cadmium and lls rompounds are used for n num- 
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t>er of purposes. The metaJ Is eraploycd in several ifn- 
portant alloySi — fusible alloys used to fire-ex tlnguishers, 
bearlOg^aHoys jo motor maoufacture^ etc,; it is also of im¬ 
portance in Some processes of elcctro-p^atiiig and to-etat 
sprayings and in the manufacture of electric Lransmtssion 
wires. i‘hc cadminni salts are of importance as pigments, 
giving with certain other fnatErials+ such as selenium^ bril¬ 
liant reds and yellows to pigments and glass- 

Test.—C admiiim minerais when beared with sodium car¬ 
bon a le on charcoal, give a reddish-brown encrustationn 
which is yellow at some distance from the assay. 

The only cadmium mineral considered heft ijii— 

Suiphide ... ... Greenockite, CdS. 

fiREENOCKIlE. 

Comp* — C admium sulphide, CdS*’ 

CftVST. Syst. — H exagonal, bemimorphtc,—the opposite 
extremities of crystals being di^^imilarLy modified. Com. 
Form. — Short hexagonal crystals not common; often as a 
coating on zinc Ores. CpLoua.—Honey, dtron or orange- 
yellow. Streak. —Between oraDgt-jellow and brick-red- 
Lusthe.^ — Adamantine^ resinous; nearly transparent ^ H.— 

a-3 5. Sp. Gm-—S- 

Te^ts.—^H eated in the closed tube, turns carmine-red. 
and reverls to its original colour on cooling; heated in the 
open tube I gives off sulphurous fumes; heated with sodium 
carbonate on charcoalt gives a reddish-brown encrustation^ 
— this encrustation is yielded before the zinc encrustation, 
so that careful observation of the behaviour of samples of 
blende may indicate the presence of cadmium in them : 
greenockite dissolves in hydrocbloric acid, with the evolution 
of sulphurretted hydre^en. 

OccurSEXCE*—A lmost invariably occurs associated wUh 
rine ores, on w^hicb It forms a coating; localities — 
Blshopton (Scotland), Pribram {Czeeho-.SIovakia)+ Freidens- 
vilic (Pennsylvania). 

MERCURY MINERAIS, 

Mercury or quicksilver (Hg) exists native, but ats such is 
an unimportant source of the metal. It Is a silver white 
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rnctalp liquid at ordinary temperaturffs: it bolls at 357*C,, 
and bas a specific Rfravity of 13^39. When pure k Ls un- 
aiTccled by dry or moist air. Mercury combines with most 
metals to form alloys called and these decompose 

on heating with volatilisation of the metallic mercury. 

Mercury is usuaUy obtained froiti its ore, dmtubar, HgS, 
by roasting in an OJtidising almosphere, whereby the sulphur 
is oaidlsed to sulphurous acid, and the freed metal volatilised 
and condensed. It may also be obtained by dtstillation in 
retorts in die presence of Erne or iron, which, ccinbinirig- 
wkli ttie sulphur^ lit^emtes the nicrmir}^ I'he presence nf 
antimony in the ore is not uncommon, and renders the col* 
lection of the mercury dtHiCuh. 

The only source of the metal is the sulphide, cinnabar, 
HgS. Many of the ores treated are extremely tow in this 
mineral;; In California the average yield amounts to between 
0'6 and 0’7 per cent, of metal. Cinnabar is not easily 
altered and die oxidised ^:one as such does not exist; some¬ 
times Lliere is a small development of the native metal, the 
chloride calomel, and various oxy-ch lor ides, from the sul¬ 
phide. Some deposits of tetrahedrite and related copper 
ores p. 234) carry a nmnU percentage of mercury, nrul 
sucb deposits have been worked for mercury on a small 
scute. 

Cinnabar is being deposiled from the waters of hot 
springs at the present day, and k is probable that most cinna¬ 
bar deposits have been formed m connection with Tertiary 
or recent volcanic activity- 

Mercury is sold in fiasks containing 75 pounds- The de¬ 
mand for the metaJ does not appear to be on the increase. 
The world production in 1929 was nearly 6,000 tons, hut is 
now much Irssj the chief producers are Spain, Italv and the 
United Stales, with Russia^ Mexico and a few minor 
sources. The chief uses of mercury are for the manufacture 
of drugs and chemicals, such, as the chlorides,—corrosive 
suhlimate, and calomel, — of fulminates used in detonators, of 
vermilion pigments, and and-foullng paints. It is used in 
the electrical industry for reedfien;, automatic switchfs, mer¬ 
cury vapour lamps, etc,, and in the instrument industry in 
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the coDstruction of thermometers^ barDinctcrs^ ctt:^ Mer- 
cury-vsipouT boilers are m operation, but as there is no loss 
of mercur3^ in sLinh apparatus^ the consumption of mercury h 
here a Eimltcd one. At one tlrnei a considerable ajnount of 
mercury was used in the extraction of gold and silver from 
their ores* 


Tests. — M ercury compounds^, heated in the closed tube 
with sodium carbonate and charcoal| give a metallic mercury 
mirror. Heated with potBsslum iodide and sulphurp mercury 
compounds g-lve a g-reenlsh-yellow encrustaiion and greenish- 
yellow fumes. 

The mercury minerals here considered arc :— 

... Native Mercuryp Hg* 

Amalgam Native Amaiga_mp HgjAgj. 

Sulpixide ... Cinnabar, HgS. 

Chloride Cakuncl, Hg^Cl^^. 


Xative Mercury, QuieksLIver. 

Comp.—P ure mBiciiry, Hgj a liitfe ailver is sonieiijnea presenu 

CsvsT. SvsT_—Cry^i^iBca when fTQx&n, the erystaJa showing a 
rhtnnlxjhcdral ElniDtune hj At — SS'^C. COM. FoJtll.— 

OcCLtni &i small Huid globulies diBsem inaled ihtoitgli the nialriX in 
which 11 occuifl. CoLDUit.““Tin-while, Lusiis.—MetHllic: opicue. 
St. Gi.—13 o9. 

Tefts.—G tawWei readily in nitric Rcidj Iteaied heforn the blow¬ 
pipe, poerctiiy vofarilises wuh liide cir do refdiJuep—ahould any redidUE 
t>e l^t, the piesenca oi silver may be: showii by fiisictu wiih sodium 
carbonate on charcoal xnd Ihc pitidcictiaii of a silver beach 

OrcuajLE^ex,—^^NatiTE mertiiry oocurs h 3 duid elebulbs scatlered 
Through cinnithaT, HgS, M mi "Alniadcn (SpaiQh Idria 1 Italy], eic., 
and is BomEttiiiBS found in soPW quatllily fitting caviUcs. it is a raie 
mineral, and il oi SoCondniy origin. It is dopoaiied wilh cinnabar 
frmn the walen of certain h-gt springs. 

Native Ammlgmm, SILvEr .AmalKAm. 

CnMP.-^hfEinuTy and siLvei in varying pfnporlioat. 

CarsT. Ssfax.—Cubic. Com. Fomlm.— khombdodccahcdi-a 3 also 
occurs masaivu. CoLQDE.—S llvot-whi to. Stmejul,— SilTrex-wbitc. 
|4J3TU.^—Metallic ap^lque. FlAETT.^—Cdncbaidal, uneven ; brillle aud 
grates under the kndc when Ctll. H.—Sf>, Gl.—ll>fi to 14, 
depending nn the EXnhposi liea. 

TESTS.^HcaEed ID the ckned tube, the mercury sLibliinea and 
densca nD ihe Cold portlOD of the thbe, leaving a residue ol Stiver j 
heated brfnrt the blowpipe, xhe mercury volaiilisee, and m globuk of 
silver il left; amalgam is soluble in nitric icid j when rubbed Oh 
copper amaigmm impaxta m silvery lestrc. 
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VAt.tt.Ve — is a Hilver-rfch Tariety^ ult and ducitlap 
fmiDd At ihe tu tinea ai Arqucna^ CoqnicnlMip Olile. 

OsTtmiiEXCE.—OcciuH as ST altered grainy wilh tinnsbari as al 
Almad^a, Spam> Of id ihn oaldatidii xoqe oi allirer dapoaiti wberc It 
ijt assDclai^d with ottrar^yri[jc. 

CINNABAR. 

Comp. — Mertiury sulphide, HgS ; ui^ualEy contains \m- 
puritiKs of clay, bitumen, et4^. 

CiiV&T- SvsT. — Mtixng'onsil, rhombohedraJ-trapezohetlrait 
of Quartz Type. Com* Pofiy.—Occurs in rhombohedra or 
prlsTiiSp the crystals often be mg tubular; usually massive^ 
granular^ and sometimes forming crusts. Cleav.—P erfect 
prismatic. Cololtr.— Cochineal-red, sametimes brownish or 
dark-coloured. Strbak.^—S carlet. Lustre.—W hen mas¬ 
sive, often duL ; of crystatsT ada man line j subiraaspareut to 
opaque, Fract.—S ubconcboidalp or uneven; sectiie. H.— 
2-2 b. Sr. Gr.— a u0. 

Tests. — Heated In the open tube, yields a sublimate of 
metallic mercury, also a black one of mercury sulphide and 
fumes of sulphur dioxide; heated in the closed tube, cinna¬ 
bar gives a black sublimate^ which becomes red Lf detached 
and rubbed nn a streak plate; heated with sodium carbonate 
and charcoal in the closed tubei gives metallic mercury; 
heated on charcoal with potassiuio Iodide and sulphur, gives 
greenish fumes and a slight greenish encrustation. 

Varictv . — Hepatic Cinnabar is a compact variety of a 
liver-brown colour^ and sontutimes giving a brownish streak, 

OcciricBESfCE.^—Cinnabar occurs as disseminations^ im- 
pregnaiions and stockw'orks in a variety of rocks, but in 
many cases under circumstances tliat indicate that it is the 
result of volcanic activity, k is deposited by ceitaio hot 
springs In volcanic areas; it occurs in small quantity In 
some gold-quartz veins. The common associates of the first 
type of <jLposit, — the most iinportant ecooomically,—are 
chalcopyrite, pyrite^ realgar, stibnite, quartz and opatp cal- 
cite, and often bitumen. The most important locality is 
Almaden in Spain, where the mineral occurs as impregna¬ 
tions or small veins in quartzite; other important localities 
are Idria, now in Italy, and the western states of the United 

HO 
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ScatE!&, especially California. Small productions come from 
Rus^la^ ^iexico, China, Algeria, Czccho-Slovakia, and the 
mineral has been worked In British Columbia^ Queensland, 
New South Wales and New Zealand. 

Uses. — C innabar supplies practically all the mercury of 
commerce. The paintp verm i lion, which has the same com¬ 
position, is prepared from this ore. 

CalameL, Bom Qakksiiver. 

Comp.—M ercyry chloiidc^ HgaClj. 

Ca^^^CTSilS AND Occtraaj^Nci:.—tormn HraaJJ cr>-stal3, wtitfab, 
greyi^, or brawnish In colour, with a biirdnEsa 1-1, arid apscific 
gravity 0-4B, and fcuoid ^Bsqctalod wiib cincULbaj: oe Idrin, itialyF 
and Alraadrci, Spam, and 

BORON MINEIL\LS, 

Boron does not occur oativct hot may be procured as a 
grey amorphous powder by reduction of boric acid. 

Boron occurs in combinatLon in several silicates^ the chief 
of these being a.xiniie, and da^olire,—the first 

two of these minerals are described with the other rock- 
forming silicatef^ on pp* 4d4, 424- 

The prinerpa] forms in which boron occurs in nature arc, 
however, as borates, and these are of great industrial Jtn- 
portance* The chief borates are as follow, and these are 
dealt with in thifi book:— 

Baric acid! Sassoline, or 

L Borax, NajB^O^.tOHjO* Of 

Hydrated Sodium Barates NajO.EBjOg.lOH^Q. 

f Komlie, Na,0.2B,0V.4H,0. 

Hydrated Cfl/cimn Botale Coleman it e,Ca.B,0^^,5H^O, 

or aCaO,3B'0,.5UjO. 

HydraUd Sodium Coicium Ulexite, NaCaB,0,,SH,0, 

BatMs .. ... ... or Naj0.2Ca0.53a0^* 

iGH,0. 

Magnesium Borate arid Boracite, hMgO.^fgCl^r 
CJiioWde ... 

The borates occur in tw-o ebief ways : —(1) as deposits 
from volcanic emanations and from ihe waters of hot 
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of volcanic areasp — such deposits being dominantlj 
sassoline or borax, (2) as a result of the drying-up of en- 
closed bodies of water* To this type belongs the boracite 
ill the Stnssfurt saline residue.^ tlescTilK'd on p. 217, and the 
p!aya (dried-up shallow basin) deposits and take-rieposits of 
Tertiary age in the Western United States^—these deposits 
containing borax, kernite, ulexite, colefnaniie* From the 
rertiary ]aki>deposits ll□^e iKcn leached bed^ of borates 
constituting- the borax marsh deposits wliicb were formerly 
of great economic Importance. Not all the borates lasted 
above are of primary seclinienlary origin^ as it Is probable 
thaE colt=MnaMite^ lor example, has been formed by the Jeacli- 
ing of ulexite with sodJum chloride solutions. 

Boraits are used for a great variety of industrial pur¬ 
poses. Botic acidp borax, and ocher Crates are used as 
Suxes for the manufacture of artificial gems, glasses, and 
enamels^ especially in the pottery and enamel]td iron trades. 
Borax is also ustxl in the soap and glue industries* and in 
cloth manufacture and larming. Large quantities are em¬ 
ployed as preservatives, antiseptics, and In paint-driers, 
the compound boron carbide, produced In the electric 
furnace, ranks close to diamond in hardness^ and appears 
to have an extensive application as an abrasive and rc- 
f^istant material. The chief producer of borates is the 
United States, nhitflv from ihe kemltc ajid rolemanilc de¬ 
posits of California, hut also as a by-product of the Cali- 
fomlan potash Indus tty; Chile, Argentine and Asia Minor 
produce a rt la lively small percentage from utexiie and cole- 
manile deposits, and Italy exploits sassoUne deposits of 
volcanic origin. 

Tests, —Boron minerals give a rather nondescript yellow- 
green flame when heated before the blowpipe. Fusible 
borateSj heated in the oxidising flame on charcoal, moistcned 
with cobalt nitraEe und strongly reheated,, give a blue glassv 
rcs3duc,^a similar residue is given* however^ by fusibfe 
silicates and phosphates. Boron minerals dissolved in dilute 
hydrochloric acid, if need be after fusion wdth sodium car¬ 
bonate, give a solution which has a characteristic elTcct 
on turmeric paper. This, moistened with the solution and 
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dritd al 100*C, hy placing It on a flask containing boHiTig 
waier^ assutnts a reddish-brown -colour which oranges to 
inky-black hy moisttning with ammonia. 


SassoIiiU!, NuLke Boric Add, 

CoilJ-,—Ooiric mcL HjllOa, Cir 

Ckyst. St5t. 'TEiLliiiic- Coir. Fqilm. — ^ utuetimea in prisiniittc 
CT^j'S-talsi; usLiaHy ai aeftaJI gli^ien lug scal^ aatoJctatEcS wiTh aiiEpbyLT, 
Ci-EAT..-—Pftrlect tja&aL Colimj]i. — VV bita, greyish i ^nLEiioi^ 
frota ibe prESEnpe o£ aulpbur. Lasna.—Pearly ’ iraxislucEiiT iQ uftiia* 
par^l. J f < y - 1 , ^SbudoiIi auii^ iJDLilUflni, Ta 5TT^, — .-^.cicLiikius- siighiJy 
saJine and hitter. Testacity.—S ecillH and Beriblc. M.— 1 . Sp, Gm. 

1 


TE5Ta.— Fuses easily in tJw bWpipc Oaint^ tinge ing ibe flame 
preen ; BDlLible ip Wfaiec and ici aJcohol; dissolved in Ek'nlipJ, tQloUJB 
ab^ by piescdce of bwoa^ icel with lurniEiic paper as given 

UcccEKESCE.—SftssoliPe DccpTs with Bulphiir in the emter of Vtii- 
cano, Lipari ; also fouriii amuud flfmaruliis (small vents or ouflEts of 
sulphurciUS eaiauatlnDs)^ and in the sleam or vapout? whiEfli rise from 
tnc botmiD of tbc small Jiot lakra or lagitOna of TtuSCany j it is ctin- 
densed m the water, and afterwards separates oat In iarce flakes, 
which contain aboui SO per cent, nf hqric arid i al» occurs in the 
natLiral waters of Clear Lake, California, 


BORAX, TiimL 

Coup. — H ydrated Srodium borate, Na,B.0-.lGH_0* or 

Na,O.2B,O,a0H,O. 

Cryst. Sv 55T. — MonDclitiic. Com. — Occurs in 

prismatic crystals resembling in shape the crystals of augitC i 
also in lumps and masses. Clkav. — Parallel to the ortho- 
pinacoid (lOOj and to iJic prism (liO). Coldltr.— White, 
sometimes witli tinges of hlucj green ^ or grey. Stkilak.. — 
White. Lustre. — VitreotiS^ sometimes earthy, Taste%^— 
SwecLish, alkaline. FRACT.-^onchoidal: soft and brittle. 
H.—3-a-o. Sp, Gr,—17. 

Tests.—H eated before the bSawpipe, bubbles up and 
fuse^ to a dear glassy bead; borage is soluble in water^ pro¬ 
ducing an alkaline solution; colours the flame yellow, due 
to sodium: w^lth sulphuric add gives a green flame due to 
boron: test with turmeric paper as detailed in the intro- 
duction to boron minerals. 

Occur HENCE—Bor aT, together with other borates, 
ulcTcite and cxilemanlte* occurs m playa-deposits, ‘‘alkaline 
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flats” and borax marshes formed by the drying-up of saline 
lakes; deposits of this type are welf developed in California, 
and here the borates have been leached cut from bedded 
colemantte* deposits of Tertiary age> Bora): accampanics 
other borates in the lake-deposits of Tertiary age io the 
Mine area. Borax also occurs in Tibet, on the shores and 
in the ivatcrs of lakes, and Ls (here called *• tincal*'* 

KERNITE, RASOBITE. 

COMF.—Hydrated sodium borate, NajO,?B,Oi.4HjO. 

CnvsT. SvsT. —Monoclinic. Cow. Form. ^ Massive, 
Cleav. —Perfect parallel to the orthopinacoSd and to the 
basal pinacoid. CoLoui!.—White. Lust*e,—P early to 

vitreous; transparem lo translucent. H.—3, Sf. fie 

105. 

Tests, —.4s for Itorax. 

Occurrence.— Kernite is now the most important source 
of industrial borates; the important deposits are beds result¬ 
ing from the dryl^-tip of a Miocene salt-lake, and are 
worked in California. 

COLEllANlTE. 

calcium borale, Ca-B.0,,.5H,0, or 
2Ca0.3B,0,.5H,0, * * '' * ’ 

Cmvst, Syst, —Mofloclimc- Com. Form.— Short pris¬ 
matic crystals usualTy projeclmg Into eavlties; also massive 
ciystalline, and granular. Cleav.—P erfect parallel to the 
chnopinacoid, less good parallel to the basal pinacoid, 

^LoiTR.^olotirle&s, white or greyish. Streak _White, 

Lustre. —Vitreous to adamantine; transparent to trans¬ 
lucent, FrACT.—H ackly. H.—4-4-5. Sp, Or.-?.12- 

TESTs.^Colemanitc resembles felspar, calcite and some 
other spars m appearance, but may be readily distinguished 
trom these by blowpipe tests; yields water on heating- 
heated before the blowpipe decrepitates and colours the flame 
yellowish-green; heated on charcoal It becomes w‘blte, and 
moistened with cobalt nitrate and reheated, it turns blue' 
colcmarnte is soluble in hydrochlnric acid, with separation of 
tone acid on cooling; test with turmeric paper as described 
in the introduction to the boron minerals. 
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I'hfiHK Hvdkatf-P Calcii'M Bokat^S-— FnVeiii? :ind 
Pandemuie are hydrated calcium borates related to cole- 
manjte; prlc^ite is n soft white earthy cdneral and pander- 
mile Is A somewhat harder mineraL 
OccijpwENCE.—ColenuLnite occurs in deposits of Tertiary 
in San Etmardiino, Loji An^eleit, Kern and Inyo cnun- 
tiesj California; the colernanitc is present as nc^ules in 
claysp and also tn beds 10 lo 50 feet thick, resting on rhyo¬ 
litic tuffs; from these deposits have been derived the lake 
deposits of bora« and ulexUei to which reference i^ made 
under the descj'iptlons of thEse minerals. It is considered 
that tlie colrmsmite deposil:; rt^ult from tlir leiiehmjf vi 
nlesdtc beds by sodium chloride solutiotiSr 


ULBXITE, Baronatrocakite, NatroborDealcite. 

Comp, Hydrated sodium calcium borate. 
8H,0 or N'a„0.£CaQ.5B^O,afiH.O. 


S'aCaB.On. 


Chyst, Sv 6T.—xMonorlinie. Com. Fohm,—^ ilobular ur 
renifomi masses, which, when broken opfln. exhibit a fibrous 
strui ture. Colour,— lA STnE —Silky mtcrnalty ; 
opaque. Taste,— None, H.—U Sp. Ga.—I ®, 

TE?iTS.—Gives water on beating; fuses to a dear glassp 
colouring I he Hame y^elloiv; moistened with snlphanc add, 
colours the Bame green for an instant; test with tuTmeric 
paper as given in the Introduction to the boron minerals. 

OccLm hence. — U kxite occurs associated wliJi borax in the 
lake deposits of California menticined above; also in Chile 
and Argentina, as white reniform massEs, in iag’oan deposits 
associated witli gy^psum and rock-salt* 


BQRACITE, Etas;£if nr liter 

Comp. —Borate and chloride of magnesium, D^^g0.^^gC^J. 
7B,Oi. 

Crvst. SifSfT-—Cubic, tetrahedral. Com. Form. _Crystals 

cubic or octahedral in shape (*ee Fig. 32B); also massive 
and coluninar, or granular. Cj-EaV. — V ery Imperfect parallel 
to the two tetrahedra. CoUiUR.—Colourless, white, yellow, 
greenish or greyish. SraEAK.—White. Lustbb.—V itreous; 
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^iiblransparrnt to sublransliiceat- Fract. — U neven, coa- 

cboidal ; brittle. —7- Sk. Gr. — 5 Q5. 

'Iests. — II cAttid on charcoal, fnsei and fomss a bead 
which spirdifieE; on cooling a crystalline mas^; gives the 
green Bamc of boron; heatett on charcoal, moM^lened with 
cobalt nitrate and reheated, yields a pink mass^ due to mag¬ 
nesium ; chloride given by iht copper OKide-microcosmic salt 
bead test; borncite is insoluble In water, but soluble in hot 
hydroch lo ric aci cl. 

OccurRE^ fCE,—Boracite occurs in the Siassfurt saline de^ 
posit in Germany, associate<l with rock-saEt, gypsum and 
anhydrite j these deposits are the result of the evaporation 
of sea-ivater (scu p* 217), anti in rhem the lx>racite 
occurs as small crystals or concretions; boracite is also 
found at Fan derma in Asia Minor, at Kalkberg and Schild- 
srein in Hanover, and Lunev]lle+ La Meurtbe, France, Avhere 
it is associated wnth the same set of minerals as at Siassfurt. 

ALUMINRTM MTXERAT^, 

x‘\]umln[um (At) is not found in a free state, but in com¬ 
bination constitutes S'!;’ of the earth's crust is the most 
abundant of metals. It is an essential constituent of the 
clay minerak^ and of a large numlxT of important silicates 
such as the felspars, nu’ras* etc. The chief In- 

dustrial sources of aluminium and its compounds are 
{the hydrated oxide] and to a less extent, cryolite, 
Xa^AIF^, uhittiU, ienicile, KAlSi^O^, and 

aluiPi shales. Such Industrial minerals as potterk clay, 
china clay or kaolb, fuller's earth, fckprirt garnetj mlcat 
cic., are aJurninlum silkutcs, mIsiU- fllLiniiniuin oxides 
occur asj bauxltci corundum and emery'. 

The metal aluminiuim is produced ~m the electric furnace 
by the reduction of alumina obtained from bauxite. It is a 
silvcr-w'hlte durable metal^ capable of taking a high polish. 
Owing to it* low spedUc gravity, 2-58, it is of great value 
in the manufacture of many articles where lightness Is of 
Impnartancc^ It melts at ObS^C,, and alJoys with most metak 
and some non-metflis.—light alloys of importance being 
those with «nCt copper or magneslurn. Aluminium is also 
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employed for the inafiufactore of household utensils, far 
Wrapping-material and foi3^ and In the canning Indu&tryi 
Etc- The metal Is produced In localities, such as certain in 
Jutland, Canada, Norway; Switzerland, United States, 
France and Italy, where hydro-eJeetric installations are prac- 
tfeabJe. The worUrs pr^^uction of fllaminlim! metal was 
M.EKX3 tons m 1912, but is now on an average abom 
2fKI,000 tons;^ in quantity uicd, aluminium ranks as fifth 
among the metals 

The energebc action of finely divided aluminiuni on a 
cntrtallic oitide ^vhen heated tog^etfier is utilised in the 

The mi t" process for the production of metallic 
chromium, manganese, molybdertuin, tungsten, uranium, 
etc., and in the welding of rails, etc .; the aluminium com¬ 
bines dJrccUy with the oxygen of the oxide, and the heat 
evolved by this reaction is sufficient to pTOtnote the fusion of 
the reduced metal. 

There are a cumher of industrially important silicates that 
coolam aJumlnium,—such as felspar, muscovite mica, a 
group of hydrated silicates illustrated by kaolin, fuller’s 
earth etc., the aluininlum silicates proper.^*iflimanite, 
andalusite and ky-amte,—and garnet; most of these silicates 
are important rock-forming minerals, and, as they are not 
worked for aluminium or its sails, their industrial value 
depending mainly upon their physical properties, it is best 
to deal with them under die silicates. 

Test.—M ost aluminium minerals, when finely powdered 
and heated before the blowpipe, moistened wilh cobalt 
nitrate wluimn and strongly re-licated, give a mass showing 
a tine blue coJOiir. 

The nun-silicate aJumininm minerals described here arc 

. . Corundum, Al.O,. 

„ j , f Diaspore, AI,6,.H,0. 

Hydrated OridejJ Bauxite, Al,0,.aH,0. 

i. Cibbsite, AI^0,.3H,0. 

Alummales ... Spinel, MgAUO,, 

Chrysoberyl, BeAl^O, (described 
nn p, 379 with the Bfryniam 
mineraU). 
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SulphaiMS 


WebsteritE, Alumlaite^ AIjO^.SO^, 
QH,0. 

Alu nog'e rte, AI^Oj .3550 ^, 1SH 
Alum, KAKSOJ^.iaH.Q. 

AI Linltf^, K At^{SO[ O H (ik- 


tjcribcd on p, 2‘2b %vith thv 


Fluoride 

Pkosphales 


Potassium minerals). 

Crvolity, NilpAlF^. 

Tiirq no ise, CuO. 3 AIp^ . 

9H,0. 

W ave! 15 1 r, 4AI [(> 11 , y H .C J. 


CORUNDUM. 

Comp, — Alumininm oxidu, A 1 ^ 0 ^ 

Cryst. Syst, — H cjia^onalp rhombobedtaL Com. Form. 
^Occurs mostly in barrel-shaped or pyramidal crvstals, 
t^hoirvn in Fifr^ loy^ dne to the presence of %'arious pyramids 
and the basal pinacoid; also m steep hexag^onal blpyramids^ 
iHusirafed also in Fig. 109 j the crystals from alluvial deposits 
are usually much lA-aler-worfi and rounded; corundum also 
occurs ma.s&ivc and g'ranular. Cleav. — N onr^ but separa¬ 
tion-planes parallel U> the basal pinacoid are common. 
Colour.—O f common varieties^ grevi greenish or reddish^ 
and dull; sometimes colourless [ th-e well-knowo red colour 
of the m&y, and the blue colour of the sapphire serve to dis¬ 
tinguish and Jn fact to constitute these varletiesi; on'enfol 
nmefhyst, oriental emerald, and orienial Itypa^ are purp|ish« 
grecQ and yellow respectfv^y. Lustre.--V itreous* crystai 
faces frequently dull. FpACT. — Conchofdal or uneven^ H.— 
9t next to diamond. Sp* Gr. — 3"9^'L 

Opt. Props.— Occurs jd crystals somewhat elongated and 
irreg'ular, sho^viii^ the basal partlng^ in suitable sections; 
usually dear, an6, if coloured, the colour is often patchy; 
the refraciive index U very hig^h (q*^ 1'7R@, 750), and 

the birefringence is iibout that of quartz, so that low-order 
greysi are g^iven between crossed nicols; uniaxial negathn: ; 
the crystals shovv negative elongation; the high refractive 
index distinguishes corundiim from quartz and apatite. 

Tests.—N ot acted on by acids: the hardness and phy¬ 
sical pmperties are usuitUv distinctive; finch- powdered 
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Lortinclum heated whh cubail im ch;m-Dal assumes a 

6ne blue colour^ 

Varieties, — (1) tTornradum Gemstonsi ^—the Ruhy^ 
Sapphire^ Orii^niai Ameiky&tf Ort^nJol Em^rald^ and 
Orient ill Topas arc varieties of CBrundum coloured red, 
blue^ pEirple^ green, and yellow respect I vely^ and are used 
as gemstofles. (2) Under the name Corundiirn the ordinary 
types not ot gemnquality are included, (3) Emery Is a 
g'reylsh-black Farlety of corundum containing- much admixed 
magnetite and hematite i U is crushed, powdered and sifted^ 
and the powder used for polishing' hard surfaces* 

Occurrence.— Conindum otrcurs in several tvavs. It Is 
produced by the contact-metarnorphisTn of shalesT as in the 
silica-poor homfelses. It occurs as 
veins and segregations associated 
with peridoGtes in the Appalaciilan 
Ixrit in [hi-, eastern Unhrd Statfs, 
It Is an original constituent of 
various igneous rocks, such as 
syenite, as in Canada., and anor¬ 
thosite, as in India, tt occurs as 
a i\‘suh I if the cOTllact-meEamD r- 
phism of llfiiestoue, as in Burma. 
Corundum wa$ formerly mined at 
several localities, but now its pro¬ 
duct leio is almost confined to the Transvaal, where It Is ob¬ 
tained from residual deposits derived from ** gneiss*^’ The 
Corundum gemstones occur either as isolated crvslals in 
crystalline Limestone, or as rounded pebbles in alluvial 
deposits derived from such rocks; important producers are 
Burma, Ceylon and Siam. Emery occurs as stigrcjgatioris in 
ignmus n^ks or masses In granular limestone and 
gneiss; the important producing laczalities are Jfaxos in 
tiree^T und Kiivahadii in Turkey p the PeekskiU emery nf 
Kew York Is largely spinel. 

Uses,--C orundum is, with the exception of diamond, the 
hardest mineral knowm, and is used as an abrasive. Grind¬ 
ing wheels are made by the incorpor,anon o| a binding 
material such as shellac^ with crushed (!orun<Jiitii* .'\rti- 
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ficial corunduxrit marketed under the names of *' Alundum 
and '*Aloxite/’ is raafk by fusings hiiuxite in an decLric 
ftimace- Emery is stmllarly used as an abrasivet and as a 
refractory^ materia]- The coloured varieties of cortindum are 
used as gemstones. 

Qiaspore. 

Comp.—H vd™i- iiJiituiniuin o3Cide, Al-i. JalOH or 

AND Occrcrmttliisca.—Ocrun in arthailHMnbi^ prismatm 
rrystals, foliaceous and s^aIt forms, of a wbiiH cidl^rr with hardneas 
iveArty 7 and apKific gravity 3-5 ; ft fa found with comndmn and 
mncTy, and probatJy tcsilIIb from the altEratioO of tiiEse- it dO^IITB 
alsa in hau^ite depereiia. Add aome of tiiE so-called bauiitc mmy t» 
diaspote. 

BAUxrriL 

Comp, —EssentiaUy hydrated ajuminiunl uxid^t Al.O^, 
SITgO, but gefterally with Impurities of iron o^ide, phos¬ 
phorus and titnniap the latter sometimes auiounting to 4 per 
cent,; sorno of tlie material called bauxite has the composi¬ 
tion of diaspore or of gibbsitc, and the independent existence 
of the bauxite molecule ha^i been questioned^ Com. Foaii,— 
Amorphous Lo earthy granular or pisoUtic masses, CoLOUit. 
—Dirty white, greyish^ brown, yellow, or reddish-brown. 

Tests.—F orms and general characters distinctive; gives 
the afumlniutn reaction when heated wilh cobalt nitrate ; does 
not give a silica skeleton in ihe microcosmlc salt bead. 

Occurrence* —Bauxite results from ihe decay and 
weathering of aluminium-bearing rocks, often igneous but 
not necessarily so, under tropical conditions; It may form 
residual deposits replacing the original rock, or it may be 
transported from its place of origin and form deposits else¬ 
where, It occurs^ for example, in Francej in pockets in 
Cretaceous limestone aod is there the result of pre-Tertiary 
tropical weatliering; other Important deposits are those of 
Dutch and British Guiana, Arkansas, Georgia and Alabama 
in the United States, India and Hungary, 

Uses. — ^Whlle the principal use of bauxite is for the 
manufacture of aluminium, considerable quantiiies are used 
as abrasives and In the manuFacture of aluminium com¬ 
pounds. Lower grades of bauxite are used as refractories, 
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as rtfrajctory brscki and for ftimace and converter linings. 
There are, commercially speak mg', two kinds ol bauxite, red 
and \vhjte+ For chemical purposepi the white bauxite con- 
taming only a trace of iron Is used, hut for the manufacture 
of metallic aluminium, iron is not harmful, although the 
presence of more than 3 per cent, of silica or of titanla is 
objectionable. The world production of bauxite is over a 
million tons annually, the chief producers being those coua- 
Irics named under the heading of occurrence, 

(jihhffte, HydjTArgjnite. 

CdUk—HT rrlroij=s iJiifflSniujn axi^c, Ala(OHii nr AigO,aH-0- 

CatST, Syst. — M onoclirijc. Con. Fobm.—C rjHt&tsi rare, asuallT ai 
cancrmi&B&, CoLptrtWhite. H.— 3, Cl.—3-3S. 

Tests, — Gi^Tcs water when beab»d in the do^d tube; heated with 
cobB.ll mrrftt& ^Ives a blue residue, 

OccPttafc 2 scE:. —In deposits (rf baurcte, And u *ti altcrmtiaD pre4uci 
nt AjutniDinm silTrailcs. 

SPINEL. 

Co>i*-. _ itagTiraiuiu aiumlnale, sphid is ;i 

me’inbcr of the Spinel Group of minerah which have the 
general formula, R«O.R'",Oj, where R" is Mg.Fe,2ii. 
Mo, and R''' is A],Fe,Cr,Mn,— -other examples of this 
group txiiifr magnetite. l-'e.O,, and chromite, FcCr.O,; 
members of the spinel group are iamorphous, so that spinel 
proper usually has iron oxide, manganese oxide or chromium 
oxide replacing in small amount the tnagnesia or alumina. 

Cryst. Svst.— Cubic. Co«. Form.— Crystals commonly 
OClahedra, more rarely rbombdodecahtdra'f often twinned 
on the face of the octahedron. Coi.uur.— Red. brown or 
black, sometimes green or blue. Lustre.—V itreous ■ dark- 
OTioured crystals usually opaque, Frsct,—C ontioidai. 

n 1 , depending on the composition. 

Utm. Props. ^—Gives four or six-sided sections, or irregu¬ 
lar or rounded grains; colourless, or green red 

or brown (picottle); the refractive index is high, for pure 
sptnci being I 718, for pleonastc 1-77 and for picolite 2-05; 
betu'een crossed nicols. Isotropic. 

. Trrts.—I nfusible; when black resembles magnetite but 
IS not magnetic; when red, resembles garnet, but is not 
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lustble; when browDp re&embles icirccn, but is harder; form, 
hardne&s and in fusibility are character istic* 

Vajheties.— i?u6y-5pand or Magnssla Spinel is the clear 
rtrd variety j Spinel^lluby, Balas^Rubyt fiubicetie^ are 
redp rosc-red and yellow varieties, used as gemstoneE. 
Pleanaste is a dark-grccn spiDel^ containiiig iron; PicoUte 
Is a bfoiwn spinel containing iron and chromium^ Uercymti 
IS an iron-S|>incl, approaching and black in 

colour; ffVT/?n/fe is ii spineb ZnAt^O^, dark in 

colour. 

OccLranENCE^—The variely picotite occurs as an original 
eonstUuent of basic and ultrabasic igneous rocks, and in 
their metaniorphic derivatives; pkonaste occurs in igneous 
rocks, but is especially characteristic of contact-mela- 
morphosed shales, as in the silica-poor homfelscs, and in 
crystalline lliqesioncs of regional and contact metairorpblc 
origin; spinel proper, magneaia spkieJ, occurs tn crystalline 
timestones and schists; spinel ocKurs also In alhjvlal deposits 
resulting from the degradation of the parent rocks. ' The 
gem varieties come from Ceyioo, Burma* Siam and Afghanis¬ 
tan. 


W#1iFUerite» Almninite. 

COIIT.—Hydraied Blorninfum aitiphaic, AlaOj^SOj.Sil^O- 

Colt. Foru,—Ad BBJlhy mBsterial oomrring m vema amj tn renin 

Conji or lubcm^ masses. COLDua. — Whits and ydlowisii. laisriE._ 

DiiU and opaque. Fract.—E arthy; adhcrEB tn the tongne:, and yields 
tu i±ii> finger MiJ.- H.—L2. .Sn, Gi. -1-dG, 

Te£T$, — H eated in closed tube, gives water; healed oe charcaal with 
cobalt nilrate gives bbs mas ; Iwied cm chariMWJ with sodiuni car- 
bemate, maia ttimsfcrrcd lo a silver coin and Ermisteoeiii givEs a bEack 
tiAmj the physical properties are diatinctive. 

OccuajiE?;cE.’ Uacmlly feund in clays nt TEjtiary aec-; Boppeiicties 
io day-filled pipes or pol.hhlfis in the surf sen of the Chalk, as at New- 
h-BVen tn Susseat, and elsewhere. 

Alunpi^eiie. 

CoifF. -Hydrarcd alumiDiutn auiphate, Al^Oj.sSOgdfiH-O. 

CavsT, SvsrT. — ^Mocaclinic(?h Cou, Foiw.—Crystal tincunuiiDn.; 
usnallY Occurs in ma-i-ses CMfKBcd: oi dehcatc and ddsely packed 
fibres; also massive and in cmats, CoLOta.—'White, sometimEa vaL 
la wish or reddish. Lotirit, — Vjtreoua and sitky; suhixansparcnt to 
aublrRnslncent. TAlTE,“Df camiiiQD alum : soluble in watar H — 
l-fi-a. Sr. Gr.— 1 

TlSr-f, — Heated Ln doaed tube* jgives WRler; givea 1 blue masa W'hen 
keated with eobalt uitrale oo charcoal ; solubhi in water. 
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Occcte^ulxce, — O ccur! in ihs neigbbdLirhccid of vclc^u^ceiftcd in 
ftll4lki9| especially a\[im dJtt&Ies, where pyrites ;5 liecampcisupg;■ 

Aiiun^ pDtuih Aluin, KaJinite. 

CoMT.^Hyd riQ ftliiiainitim poEianoitun sLiIptmix, KAKSOjL- 
12H^0. r 1. 

CnUACl'Kfis ANt] OCctramEjfiCl.—Crystallises IP tlie cubic syslcnij 
gener4iJJy in ansall octaheAra, auad occurs often pn shaie^ 
wh-icb cemt^tn pyrites and are: undei'^gning Hi-ririiriprMci f in py ^ 
eocnT at Wliilby in Vorkslure and elsewhere - shiwn piio ocdim in 
the neigtjlMtirJ'JOOd ut voicBnoes; but in tieilher modE of DpcnrrBnce ia 
th^ miner aJ SLi^cieotly plentiful tp be cf U4Lich ■ecoDomlc I'liliie riciwa-> 
days i alinn iS' readily rWliibie in water, iind liEiJS B f har nr Lerisric LastE ;; 
its baidnEsa ia 3-2-5 t and ila specl:^ graviEr 1-76. 

CBYOUTE. 

t-OMP. — FiudriiJtr of alumiDluin aiitl ^rnKtim, 

Chvst. Svst^ — M oDoclinJc. Com, Foi^m, — C rystals not 
common; lisuSLlIy found and cleavable., wi^ a lamel- 

Ifli' structure. Cle^v,—P erfect paraUel lo tlie basal pina- 
coid, less good parallel tp ilic prism and orthcwlome. 
Colour,— ^Colourles^^ snow-white, reddish, brow^aishp brick- 
red ^ and even black. Lustre.—V itreous ; snbtransparem to 
subtranslucent, Fraitt.—U neven; brittle. JC—S b. Si*. 
CiR.—297. 

Tests* — Cryolite becotnes practicadly invisible when kn- 
niersed in w’ater, since its refractive index equals that of 
water ^ heated alone before the bloxs-pipc, cryolite fuses 
easily, coloiirlng the Jiame intense ycrllow from sodium; the 
residue from heating on charcoal^ when moistened! with 
cobalt nitrate and strongly reheated, gives a blue mass from 
aliiminiiirn; heated with stilphuric acid, greasy bubbles of 
hydrofluoric acid are evolved| indicaling a fluoride. 

Ol'Curre^cEh—C ryolite occurs In a pegmatite vein in 
granite at Evigtuk in West Greenland, associated with 
galena, blende, siderite, fluor, etc. This deposit Is worked, 
and the cryolite has been proved to a depth of 150 feet. 

Uses.—C ryolite is used in the manufacture of aluminitim, 
for making sodiucrt and aluminium salts, and In the manu^ 
facture of a white porcellarious glass. 

TLTSQUOfSE. 

Com e.—Hydrous phosphate of aluminium,^ with some 
copper oxide, possibly Cu0.3A1^0j.gP,0^.9H,0, 
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Ckvst. Svst.—T rldinic^ Com. Foem,—M assive, rcai- 
form, staJactiEic, or encnistiDg;. Fhact.—C onchoidal; 
brittle. Colour.—T urquoise-blue or bluish-green j colour 
probably due to copper. Lustre.— Rather waxy, interDaliy 
dull? feebly translucent to opaque. H.—6, Sp* Gr.—2^^ 
28 . 

Tests.—G ives ivater when heated in the closed tube;. 
gives reactions for copper; soluble in hydrochloric acid after 
ignition. 

OcLT HKE-vcE. — TurquDise occurs in thin veinj^, patchv 
deposits and seams in rockg, such as trach)'tes and othei 
i^eous rocksj that have been profoundly altered; It is con¬ 
sidered that the phosphate is derived from apatite; the gem 
production comes from Persia, United States, ^ypi and 
Ru.-^sia. 

Uses. —Turquoise is used in |ewellery; fossil bones and 
tcelb, coloured by phosphate of iron^ \dvianiie, and termed 
odonloRle or bone turquoi^e^ are frequently cut and polished 
for the same purpos^^ 

WAVELUTE- 

Comp. —Hydrated phosphate of aJumintum, 4AiPO^. 
2AHOHJ,.GH^O; some analyses show the presence of a little 
fluorine and of imn oxide. 

CjtvsT. SvsT- — Qrtho- 
rhucnblc^ Com. Form.— 

Ciystals rare; usually oc¬ 
curs in small spheres as 
shown in Fig^ liO* having 
a radiating structure vrhich 
is well displayed when 
they are broken across^— 
the spheres usually range from half an inch in dsametcr to 
less. Colour. —White, yellownsh, or brownish. Lustre.— 
Vitreous, inclioing to pearly or resinous; translucent* H.— 
3-5-4. Sp. Gr.—2 33. 

Test Sr—Structure quite characteristic; yields water when 
heated in the dosed tube; gives a blue mass when healed 
with cobalt nitrate on charcoal; also usually gives reactions 
for fluorine- 
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Occurrence. — Occiirii In residual de^sits formed from 
ig-neaus rcxiiiSp as at Si. Austell in Cornwall; also occurs as 
ntKlijJar masses associated with ntangantse ores aud 
llmnnitep as at Holly Spring's, Pennsylvania, 

titanium minerals. 

Titanluni has not been found in a free stale in nature. 
It Is a greyish nictal and ref^emblcs tin in irs cheraical 
properties, and, like that mcEalt is capable of forming two 
oxides, TiO and TiD„. Only the latter occurs in nature; 
it supplies an example of trlmorphism, constituting the three 
distinct minerals, rufilp, and brookitE. Titanium 

oxide also enters into the cornposition of i7nienjVd, ihe oxide 
of titanium and Iron^ FoO. 11aud manv samples of mag- 
netite contain varying amounts of tilaoiuin, gtxing the 
tiiamfer^iiS mngnefites. At the present lime, ilmenite is the 
chief source of the titanium required in Todustry* whilst the 
eitiployment of this mineral as an iron ore proper Is noi yet 
possible. — ^accordingly llmcnlte is <fcscribed here w'ith the 
other titanium minerals. Titanium occurs in a number of 
rock-forming silicates^ (he chief of which is sphene or 
titafiilt:, CnTiSiO,, described on p. 3^5. 

The titanium minerals of econo cm ic importance are 
(Imcnite and rudle; primary ilmenite deposits are magmatic 
segregations or veins derived therefrom j primary rutile 
occurs in a number of ways, segregations in igneous rocks 
such as syenite, anorihosite and gabbro, and in pegmatetic 
rocks of various kinds. Most of the exploited deposits of 
both mificralSp however, arc of detrltal characterp such as 
beaoli-sa n ds. The world prod not I on of titsirlliim mineraJs 
amoun'Ls to about F?D|OrX) tons annuallVi the chief producers 
of ihueiiite being fnejia, Norwayp Senegal, Tasmania and 
Canada, and of rutile, Norway and The United Slates. 

Titanium is used in the production of certaiEi special 
alloysp such as with Iron or Iron and carbonp and certain 
non-ferrous alloys are becoming important. Some titan!- 
ferous tron-ores are smelted in the electro-furnac* direct for 
the production of ferro-titanium alloys. TitaniLmn^rbide is 
an esctremely obdurate material, and can be employed for 
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ci4i£mg-tools* Tilt oxldt is used for inn parting- an ivory tint 
to artificial tcetb^ and as a yello^v g;lazn in poucry rnanU' 
factUTE. Titanium white pigments are of considerable im¬ 
portance, and their production ab^iorbs the greater part of 
the output of titanium ores. 

Tests* — ^ rkaniuni mberals colour the microcositiic bead 
yelJow when hot, colourless when cold, in the oaidising 
dame; and yeJlow hot^ violet cold, in die reducing fiame, 
TltancLjrn mincrais, when fused with sodium carbonate on 
charcoal, dissolved In bydrochJorlc add» and a few grains 
of tin ad [led, give a violet solution, 'fhe best lest for 
titanium, however, is performed as follows : — the mineral is 
heated wJth sodium carbonate on charcoal, and the resulting 
mass diBsolvcd in sulphuric acid to which has been added an 
equ^ quantity of water; the solution is cooled, and diluted 
with i^ ater; a drop of hydrogen peroxide is added to the 
soLution, and the formation of an amber colour iodicates 
the presence of titanium. 

The titanium minerals dealt with here are: — 

^ I RutileII TiOg, feiragonal. 

0xifie5 ... ~ Aiiatase, TiOg, tetragonaL 

i Brooklle, TiOj, orthorhombic. 

0-^ide £j/ TUatiinm 

u«cJ Iron Ilmenhe, FeO.TiOg* 

RUTim 

CoilP.—Titanium dioxide^ TIO^- 

Chvst. Svst. — Tetragonal ^ axial ratio, 0'644- Com- 
For Mi—Crystals often tecragonal prisms terminated fay 
pyramids, as shown m Frg* 37B; ditetragonal forms are 
sometimes developed; crystals are frequently acicularp and 
mdlately grouped in the Interior of other minerals, es¬ 
pecially quarte; at times, cry^stals are twinned on the second 
order pyramid (lOl), giving forms bent at a sharp angle, 
called geniculate or knEoshapHrd twins, as Illustrated in 
and described on p. 124,—Um twinning may be re¬ 
peated until wheel-shaped multiple twins result; the crystals 
often show a longitudinal striatiou. Cljelw*—P oor paraliel 
to the prisms (HO) and (lOOJ* Colour.— ^Reddish-brown, 
red, ycllowdsh or black; in thin section, foxy-red. Streak. 
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—Pale brown. LuETfit.- — Metallic^ adanrantinc ; opaque or 
subcransparenl. Fhact,—S ubcx^nchoidal or uneven i brittle* 
H.—^5, Sp. Gr. — 4 2. 

Te-BTS.'—H eated alone, infusible; the mscroccHsmic salt 
bead is, in the OAidlsii^ flame, yellow hot, colourless 
cqld^ and, in the refJucirtg flame, yellow hot, violel cold; 
reacts to the special tests for titan]um dtseribed above to 
the Lutroduction to the titanium minerals. 

OccuijRE^cE,—-RutlJe occurs as an accessory consiitueut 
of i^neoiis rocks of many kinds, gf^ranltes, diorites, etc.,, and 
their metamorphic derivatives, such as gfoeisies-and amphi¬ 
bolites ; it forms fine needles, ru^ndl^s^ in some 

E.latcs and phyllites, ivhere It results from the decay of 
titanium-bearings micas; decayed blotile often showa a 
lattice-like collecdpri of rudk needles, sngenke,^th^ 
lattice-arrangemejit arising by twinning-- it forms acieular 
ne^lcs Id quartz and feh^pax; the economically Important 
ruiile deposits are first, seg'reg'ations m igneous rocks, — 
syenite, gabbrp, anorthosite, etc., as in Virginia, Canada, 
Norway, second, a peculiar type of dyke, probably of peg- 
matitic character, composed of rutiEe, apatite and'ilmenite, 
and known as nefsootfr and occurring associated with the 
rutile segregations of Virginia, and third, as an important 
constituent of beach sands resulting from the denudatiDii of 
rutlle-bcaring rocks, as in Florida and India. Uses,—A s 
a source of titanium. 


Aiiataae^ Cktuhedrite. 

CdmV- — TJ iininin diOKidc, TiO^. 

Ctw. St 3T.—Tfitragona], aiiil ratiu, CoM. Fotu.—lfl 

crystals of iwts habits, cithar in slender amte tctragoaal PTramids, 
whence tfaB uamr DcLahedrite, or else in tahukur cryHtalii with tha basni 
plan* prominent. Cl tjty.^pcrfect basal, imd pyramidal. CoLOin.^— 
Brown, judigo-blne or black Stezae,—C oWrlaaa, Ldstee.— 
Ai^anlmEj trwtaparEot to opaqite, E.^ 5-a. St, 

Te^s. Aa fnt rudlff; tflinn, and bluE oolouf^ w^o present *re 
distinrtivo. ^ ^ 

OtcuuiENCB,—Usually result! from ihs altereticm of other titankm- 
beanpg nuncrala, but aJap fomtEd in veins of hjdtQliiEiniia origin. 

Broakite, 

Com?.—TL ticSnm dioxide, TiOj. 

CXTHT. Sf&T,—OrthiirlionabiG. CUm. Foem.—T bin cttbIeIs, tabalai 
partnel CO the mucropmacoid. Cui-CHfic.-^Kair.bm™, reddiih, iron 
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hkclj, STltilc,-^CoIourkaa. FucT.—Uet*nic j hritUe, 

Tjlsts.— Ab> for rutile. 

_ OccnaiFrSCE.—Brookile Ocour^ u *j] alteraiion prCiduct ul otliet 
bEanmoi.^^ria; minarala, as in tlw roEEcn dokritea of Tremadoc, 
NotEb and in oth&r dnDqunpcsdied reeJoj; it mar bn of contact- 

metajnorpbk origin, aa id ArkanEaa, and it occun ftllb in minaraJ 
dru&es Id tbfl Alps. 

ILMEXTTE, TVlfhtiicodiiitc^ 

Comp.—O xide of Iron and titanluin, FeO.TiO^ : speci¬ 
mens vary in composition, especially in the ratio of titanium 
to iroiij 3 variation due to the Intergroivth of ma^ttelltc or 
hematite with the [Imenite; a little ma^esia is often present, 

CftVST, Stet.- — H cxag’onal, tri-rhombohedral. Com. Form. 
—Often occurs in thin plates or scales, and massive, and 
also as sand. CoLOL'a. — Iron-black. Streak,—B lack to 

brownish-biack. Lustre, — Submetallies opar^ue. Fhact, _ 

Conchoidal, H,— 5-6. Sp, Gr.^—4*5-5. Opt. Props. —In 
thin sections, ilmenite Is black and opaque in many cases 
when vietved by refiected it Is seen to be altered along 

three directions into a whit* substance, called teucoxene, 
whicJi may be a variety of sphene. 

Tests. —Heated before the blowpipe, ilmenite is infusible, 
or nearly so; gives iron reactions with the Unves; heated 
on cMrcoai with sodium carbonate, dissolved in hydio- 
cliloric acid, g^Ives a violet colour on the addition of a small 
particle of tin; heated on charcoal with sodium carbonate, 

tJje resulting mass dissolved in sulphuric acid, and cooled, _ 

the solution diluted with an equal bulk of water gives an 
amber-coloured solution on the addition of a drop of hydro- 
g^en-peroxide, 

VARienrjEs.^^fcrtdccandr is □ variety of ilmenite occur¬ 
ring as a sand at Meoaccan, Cornwall; /jerine. a variety 
occurring mostly in the fornt of loose granules or sand, ant) 
frequeiiTly in occahedral crystals^ which arc probably 
pa^udonjorphs, is moat likely an iron-nch variety of rutile; 
hwdelophane is a variety rich in tiranium, ^ 

Occurrence.—I lmenite ctccurs as an accessory con- 
stifcuefit In the mare basic ig-neous rocka, especially in 
gabbros and norites; associated with such rocks it fernis 
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segreg^atsons af great size^ as at Taherg and 
Ekersund in Norway,, in Quebec and Ontario^ and in the 
AdirontlackSj United Slates r it also occurs Ln dyke-like 
bCKlics derived from such magmatic segrcgatidiiSp and as a 
minor constituent of certain copper veins. The most im¬ 
portant deposits of ilmcnite are of detrita] character t, chiefly 
beach-sands; deposits of this type are worked at Travancore 
ip Tndifli in Australia, Senegal, Florida, Tasmafiia and elst' 
where. 

ZIRCONILIM MINERALS. 

Zirconium (Zr) docs not occur free In nature^ but il 
enters into the composition of a number of comptex sliicates 
moat of which are rare. The simple silicate, ZrSiO^, is, 
however, of widespread occurrence as the mineral siVcorij 
and this mineral is the source of the metaJ and its com¬ 
pounds used in industry^ The metal zirconium is allied to 
titanium in its properties, and may be prepared by reduction 
of zirconium nxide by magnesia; the oxide is produced by 
fusing zircon with acid potassium fluoride, treating with 
hydrochloric acid and precipitating the oxide with am¬ 
monia. The metal has a specifle gravity o£ 4'08, melting 
point of 13D€"C., and is produced eitlier as crystals or iu 
powderj the latter burning readily in air. 

Zirconium and its componnda are becoming of greater 
industrial Importaricc^ The metaJ is used in alloys with 
iron, silicon, tungsten, etc., and for removing oxides and 
nitrides from sted; a small quantity is employed in flash- 
lamps of various kinds. Zirtonia, the oxide, is used as a 
refractory, in abrasives and in enamels, etc. The source 
of the metal and its compounds is the silicate, zircon, which 
itself Is employed as a refractory and as a gemstone. Zircon 
occurs as a constituent of acid igneous rocks, and peg- 
matitic deposits of the mineral or concenirations derived 
from the decay of such deposits, are worked.n The chid 
producers arc Brazil^ followed by India and New South 
Wales. The gem varieties come chiefly from Ceylon or 
Burma. 

Tests .“The mioeral zircon may be recognised by its 
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pLysic^il properties. Zirconium minerals, fused witli sodium 
carbonate, and dissolved in hydrochloric add^ give a solu¬ 
tion which turns turmeric paper an orange colour,—the 
paper, dried by genii) heating, assumes a yeJlow-red 
colour. 

The only zirconium mineral dealt with here is i 
SiUaAle .. ... Zircon, ZrSiO^. 

ZIRCON* 

Comp.—Z ircuninm silicate, ZrSiO^^ 

CHVffr. Svs-f.—Tetragonah Zircon Type [see p. S6T 
Com. Form.—'C rystals usually prismatic, consisting of the 
letragonal prism and tetragonal pyramid, as shown In Fig+ 
37A, p. 90; also in rounded detrital grains. Ci.E:\v.—Parallel 
to the faces of the prism (110), uidlstinct, and parallel to 
the pyramid (111), still less distinct. CoLouii,—Colourless, 
grey# pair yellow, greenish, rcddrLsb-brDyiTi+ Streak. — 
Colomless. LoSTne.—Adamantine ; transparent to opaque. 
Fract,—C onchoidaL ti.—^7‘5. Sf*. Ca.—4'7. 

Orr^ Peofs,—I n thin sections of rocks, zircon occurs in 
small colDurless prismatic crystals, showing square cross 
sections^ or elongated longitudinal sections, the former 
being isotropic, and the latter pHirlarislng In very high 
colours- The rcfradivc indc?«; is very high, T92C to 
l‘93tJ, *=1935 to 1-991 p so that the mineral has an intense 
black border. The mineral is optically positive, and the 
vibrations parallel to the length of the cryslals are slow. 
Zircon is distinguished from apatite by its higher refract It.** 
index and hirefringence* 

Vabieties.—H yacifith is a gem variety, red in colour and 
transparent; Jargoon is another gem variety^ colourless and 
smoky tiiited; Zirconite is a grey or brown variety^ 

Tests. —Healed before the blowpipe alDne^ zircon is in¬ 
fusible j the coloured varieties, however, become colourless 
and transparent w'hen heated; when zircon Is powdered and 
fused with srklium carbonate* and this product dissolved in 
dilute hydrochloric add, a solutioa Is obtained wdiich turns 
turmeric paper orange. 
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Occt HHEffCE.—ZLrcon occurs as a primary constiiment of 
Ig'Deous rCfckSi specially the more acid^- — nepheline- 
syecLite, eic^f and corresponding pei^atitic forms; certain 
decomposed pegmaHtes which contain large ^irCoD crystaJs 
have been worked for the mjaeral in Madagascar^ Brazil, 
and el&ewhcre. Zircon is ntso found in crystaJlioe ILme- 
stpnes, gneisses and other mctamorphic rocks, and the 
dnEritaJ deposits containing zircons usicd as gems are derived 
from such primary deposits, as in Ceylon, Burma, etc. 
Zircon, being an obdurate mineral is a common constitiienl 
of the heavy residues of various sedimentary rocks, such as 
pndstones; concentrations of zircon, associated with 
ilmenite, rudle, and monazite^ occur as beach-sands at 
Tra van core in India, Florida, Brazil, etc., and such deposits 
have been worked. 

CERIUM AND THORlUTH MINERALS. 

Cerium (Cc) it an important member of tbe group pf 
metals called the Rare Eaxth Metals, which includes such 
mecals as Lanthanum, (Trbium, yttrium and others. 
Thorium is closely associated in nature with this group, and 
tlie source of thorium salts ia the cerium minerai, fnonasile, 
so that^ minerals of cerium and thorium are convenient I v 
dealt with together. 

Cerium metal is produced by the electrolysis of the fused 
chloride; it is iron-grey in colour and has a metallic lustre. 
It has few industrial applications; a small quantity is used 
in the maniifacture of an iron-cerium alloy employed for 
producing the spark in lighters. Cerium salts, and salts of 
others of tlic rare earths, arc used in the manufacture of 
gas-mantles, and for certain minor processes in industrial 
chemistry. There are many minerals Containing rare earths, 
but tivo only are considered in this book. Cerium enters 
into the cornposititm of the silicate, orlhite or aUantfe. a 
cerium-bearing metnber of the epidnte group of rodc-form- 
ing silicates described on pp. 3B3-3i>5. MomuU is a, phos¬ 
phate of the cerium metals, but is Industrially important as a 
source of thorium compounds, as H contains a small per¬ 
centage of thorium oxide or thorium silicate. 
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Thorium (Th) is a metal related to titanium. It has the 
colour of nickel, and its specifii: gravity la 11, The metaJ 
has a limited Industrial application in photoelectric celts and 
X-ray apparatus. The oxide is of considerable Commercial 
importance. It is used chiefly in the msinufacEure of gas- 
mantles j it ;l1so enters into the construction of Ntrust larnps^ 
and It is used in medicine. 

As already stated, the most important source of thorium is 
the cerium phosphate, mona2iie, vihich invariably contains 
a certain proportion of thorium oxide. The mineral ivas 
formerly obtain5:d from Xorth Carolina, but since 1910 the 
market has been supplied from Brazil and India. The 
monazite occurs In beach-sands derived from die denudation 
of monazitc-bearing aetd igneous rocks. When found in 
quantity, thonamte, an oxide of thorium and uranium, is 
a valuable source of thoria, but only in Ceylon has it been 
produced on a commercial scale. 

Tests. —^SatiEfactory tests for cerium and thonuni are 
complicated chemical ones, and are beyond the scope of this 
book. Rare Earth metals can be detected by spectroscopic 
methods. Under the microscope* (he identity of grains of 
monazite can he established by use of the spectroscopic eye¬ 
piece, whereby charactcristii: absorption bands are observed. 

The cerium and thorium minerats considered here are: — 


Phofpliote o/ the 
Rare Earths 

Silicale . 

Oxide 


Monazite, {Ce.La.YtjPO*, with 
Thorium either as ThO or 

ThSiO,. 

Thorite, ThSiO^. 

Thorianite^ ThO-.U^O,^ 


MOXAZlfE. 

CoMF.—Phosphate of the cerium metals, [Cc 3 La,Yt)PO^, 
with thoria, ThQ^, and silicai StO^, present, often In the 
right proportion to form thorium silicarc* 

CnvsT- SvsT.—MonocLinic. Com. Form. —Complex 
crystals commonly flattened parallel to the orthoplnacold 
[lOOh or elongated along the ortho-axis; crystals sometimes 
(Twinned on the orthopEnacoid, both contauE and pcnelration 
twins being known; monazite aEsfj occurs massive or as 
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rolkd grains, Cl,E^v,—Basal, UAUiklly Imperfect. CoLoLts* 
—Pale-yello^v to dark reddish-brown. Stheak,—W hite. 
Lustbf-— Resmous, Fract. —Conchoidal or uneven. H.-^ 
5‘5. Sp. Gh.^-27, 

Oft. Profs*—I n thin sections of granites, etc., mona- 
nte IS often seen as small grainst sometimes showing good 
crystal faces, of a pale boney^yeilow colour; tlie refractive 
index is hTgli, about 1^8, and the double refraction veiy 
high^ thick sections of the mineral are pleochroic; optically 
positive. 

Tests.- —^[nfusible before the blo^vpjpe; fuie<3 with sodium 
carbonate, mass dissolved in nitric acid, a few drops of am- 
monpum molybdate added to the solution give.^ a white pre¬ 
cipitate indicating phosphate. 

Occur ILEKCE.—-Primary cconascite occurs as an accessory 
Component of acid igneous rocks, such as granites, atid 
large crysials and masses have been found in pegmatiiies^ 
It is found as a heavy residue to sediments^ and it h oI;h 
tained on a commercial scale from sands where natural con¬ 
centration has gone on, the source of the monazite being 
^ _ neighbouring monazite-bearing granitic rock. The 
mineral occurs as a constituent of the sea-shore aandsr or 
monazlte sands, near Prado, in the south of the State of 
BahiaBrazil, and at various parts of the coaais of the 
States of Espirlto Santo and Rio de Janeiro j the concentrate 
from such Bands contains 6 to 7 per cent, of iboria; less 
important inland deposits yield monazite with 4 to b T per 
cent, thoria. Jn recent years^ Travancore, Madras, India^ 
has become an important producer of monazite^ the mineral 
occurring with ilmenite, rutile, zircon, etc., as beach-sand; 
the mineral fr^ this locality is richer in thoHa than that of 
Brazib the oxide rising to 14 per cent, in selected specimens* 
The mineral is also worked in Ceylon, and has been recorded 
from Nigeria.^ Nyassaland, and ^^alaya^ and these localities 
miaj become commerdany Important. In Nigeria and 
Malaya, it forms a by-produtt in the final dreiising of alluvial 
tin-ore. Monazite sands usually consist of monazlte natur¬ 
ally concentrated with other heavy obdurate minerals such 
M garnet^ magnetite, rulilH, Lbnenite, zircon^ etc,; separa- 
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tint!i is tfFecied by cteclrCHniaipactic separators^ the magnets 
of which are adjusted to varying- intensities^—magnetite 
and Ilmen]te are first removed^ and monazlte^ usually the 
mostly feebly magiiclic, last; rutile^ and silEceous 

matter pass into the reject^ and are further treated for the 
recovery of rutile and zircon* The manufacture of the 
thorla from the separated monazJte is a compheated and 
purely chemical operafion, 

Thmite* 

CoMlh— ‘rhorium ailicatf, TliJji 04 - 

CaiTT_, Stst.—T fiEraj^cniHl CofcL Fqliit.—Cry^lali like thosa oi 
siTcdn in form. CLiA\"_—PrieoiElJC. C0J-C>4 Jh,—H tEClc 5 oran l^^veUow 
in the variety Stbeak.—D ark-browTi. Lrsn^,—Vitreoui 

Qtk ticsb surfaciJB. FlACT.—CacKihaidaL H.—1-5, Sp, Gs.^S’a. 

Tests. —Uisually hydrated, aisd yields water on beating; soluble id 
hy drorhlDiii: aid^ with g;elB dniEeition pa roBecntr^tiilB qf tba Salu- 
tiOTJ; ipccific grairhy DQtiDcable: 

OcccaaBKCE.—As large cryatals id the syBDlts-pegtllitilOS of tbn 
T JFV^esiindfiDrd district of Norway, mod In aiEnitar rocks clse-Ahcnc. 

ThoHatiUp, 

Comf,—D side of thoriuiri aad urinium^ ThDj,U_gOj_ 

CttrsT, SvSt. —CohJc, Cow, Fohk,—C ube. Cotnear—Blaelt. 

STfiEAK-—Black, Hr—S'3. Sr. Gr,—9-3, 

OccciiJLt.vct:.—Jo the aJlovia] gem-depoadta in Ccyhin, Essociated 
with zircon, orthilen elc. 


CARBON MINERALS* 

Carbon is known tn three dliferent conditions^—trans¬ 
parent and crystallised as diamond^ scaly and crystalline as 
graphite, and amorphous as lamp-blackp charcoal, sool^ 
etc. These different forms, though chemically identical, 
vary in hardness r specific gravity and other physical pro¬ 
perties, Analysis of the crystal structufe of diamond and 
graphite hy means of X-rays show^s that there is a different 
atomic arrangement in the two minerals (p, 130 and 
60); ill graphite the atoms arc arranged in layers that arc 
further opart than in diamond, and this is held to account 
for the scaly nature of graphite,—la each layer, how^cver, 
the atoms are closely linked so that each floke of graphite 
breaks up Into smaller and amaller flakes, a property on 
which the value of the mineral In lubrication is based. 
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Natjve c^bon occurs as iwn important minerals, diamond 
Md gTat>hit 0 , bodi beings of great IndusErial importance- 
Amorphous carbon enters largelv into the composition of 
coal^, whichp ibotigh noE: minerals b the strict are 

considered here in this book- Again, carbon forms with 
oKygen and hydrogen many Senes nf compounsls known as 
the hydrocarbons T naturally occurring hydrocarbons coTisti- 
lute the very important hTThTPienj and fycifaletims. and these 
substancesp though again not strictly minerals, arc also 
deah with here; with the hydrocarbf>ns are also considered 
titnber and the natural rejiru+ 

Carbonic acid is a combmation of carbon, oitygeji and 
hydrogen, and has the chemical formula llaCO^, The sails 
(stc p. 15} of this acid arc caEled and are verv 

common minerals^ existing in ihu earthcrust in enormous 
quantitlesi For cxamp]e+ the common limrstones are com¬ 
posed mainly of Calciurn carbonate, CaCO^; the rock dolo¬ 
mite is a double carbonate of calcium and Tnagnesium. 

i^T'portant iron ore, siderite, is Iran 
carbonatej FeCO^^ and a host of other ecoiiortilcallv hn- 
portant carbonates is known. Thu carbonates are described 
under the headings of the mclaJtic dements occurrin^ tn 
ihem. ^ 

DIAMOND, 

Coup. — Pure carbon^ C. 

Crvst. SysT. — Cubic. Com. Foau.—Octahedral crystals, 
shown I >y X-ray citamination to possess normal cubic sym- 
nietry (see p. 13C and Fig, crystals often have curved 

taecs and are commonly nvinned ; also in waier-^wom grains 
m alluvial tlcposits, Clil^v,—P erfect parallel to the octahe^ 
dron. Cololtr.—W hite or colourless, somuEiines velk>w\ 
red, green, or very^ rarely blue or black; those most free 
from colour are termed diamornis of the fir^t water, and are 
the most valuable. Lustrs —Brilliantly adamantine; trans^ 
p^ent; when dark coloured, translgcenL FKacr*—Con- 
choidal. H 10. Sf. (i p3-52. 

Opt. Props,—T he refractive index is very high, 2’417 foj 
siodinna light, and the dispersion is also very high, and these 
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two properties cause the diamond to sparkle and have 
fire/" 

Varjeties .—Bori or EoHn and Carhomdo {a black 
diamond} are compact varieties of diamond O€x:iirriog- in 
^-ranular or rounded a^g-regntes, and though of no value 
as gems, are used eactensWely for abrasive and cutting 
purposes in gem-cutting, for the cutting-edges of diamond 
drills, and for dressing emery wheejs^ Much Diomaird not 
of the first water is also employed for these purposes, 
shaped dlarru'inds being used as turning-tools, etc* 

OccijRBENXE-^ — Diamond occurs In two types of deposits, 
probably primary in Igneous rocks of basic or ultra basic 
composition, or else in alluvial deposits derived from the 
primary sources. The Kimberly diamond fields arc the 
most important; the diamond occurs there in an ultrabask 
igneous bfeeda (hlne groiimJ) which forms pipes In black 
shale; it is considered that the diamond is a primary 
crystalllsaLion from the magmap though It has also been 
suggested that it is formctl by the action of the magma on 
enclosed pieces of carbonaceous shale. Diamonds have 
been found in igneous rocks of related types elsewhere in 
South Africa, in Brazil, and m Arkansas, United Slates; 
they have been reported in dokrite In New- South Wales, 
Diamond occurs in alluvial deposits associated with other 
minerals of high Fipecific gravity and extreme obduracy^ as 
in South and South-West Africa, in Brazil, India, etc, 

L'Ses an'd Production — T he uses of diamond and its 
varieties for gems and abrasives have been noted above. 
The main producers of gem diamonds are South and South- 
West Africa^ Gold Coast, Congo, Angola, British Guiana 
and Brazil; the variety bare Is supplied by Brazil South 
Africa and the Congo. 

GRAPlTfTE, Plnmbago, Black Lead. 

Comp.— Pure carbon, C; sometiines contaminated with a 
small amount of silica, Irort-oxides, day, etc, 

Cryst. Svst.— ^Hesagonal, rhombohcdral (Fig. G9 b}* Co?ti, 
fi OEM .—Crystals uncommon; usually occurs in scales, 
[amlnff, or columnar mosses ; sometimes granuiar and rardy 
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earthy* Cleav. —perfect basal cleavage parallel to the large 
fitirfacc of tbe scales. TrNAcrrv-—Thio lamin:^ are flexible, 
and the minera] is seciile. Coi-OUR.—rrtin-gre 3 ^ to dark 
steel-grey. Streak.—B lack and shin mg, Lustjie.— 
Metaltlc^ Feel.—F eels cold like metal when handled, 
owing to its being a good oonductor of heat. H,—^1-2. Sf- 
fltt.—depending upon the purity of the material. 

Spec, Prof,—G raphite resembles inolybtknlte in most of 
its physical properties^ but Is distingiiished by Its jet-black 
streak, whereas the streak of molybdenite is greenssh-black^ 

OccijHHENCE.—^J^aphIte has been considered to occur as 
a primary constituent of igneous rocks, hut it ifi probable 
that the mineral in these cases has been derived from the 
adjacent country-rock p The main occurrences are of three 
-t>T>es^—(t] Veins of a true fissure character as in Ceylon^ 
Irkutsk, and at Borrow dale in the Lake District, (2) bedded 
masaes of a lenticular and patchy nature In gneiss, crystal¬ 
line limestone^ etc,, as in Eastern Cai^ada, and (S) dis^ 
seminations rhrough the country-rock, often near veins or 
associated iivith the contact of an igneous rocls^ as in 
Eastern America, Gennany^ etc.; graphite deposits occur 
in metamorphosed roeku of either regional or contact meTa- 
morphic origin, and it is probable that many of the deposits 
result from the mctamarphii^m of carbonaceous material of 
sedimentary' origin. Production.— About ltiO,t>DO metric 

tons of graphite are produced annually ^ the chief sources 
being Ceylon, Korea, Austria, Czecho-Slovakia, Bavaria. 
Ontario, United Siat&s, Madagascar, Mexico and Italy. 

Uses.— The chief uses of graphite are for facings in 
foundry-mouldSn for paint, and for crucibles; additional im¬ 
portant uses are as a lubricant, in commutators, as a stovc- 
polrsh, for lead-pencils, in electro-plating to provide a con¬ 
ducting surface on aou-metallEc substances which arc to be 
plated, and as electrodes for the eteciric furnace. Different 
grades of the materlaJ are suitable for different purposes; 
low^-grade graphite, with perhaps no more than 40 per cent, 
of the element, is useful for paint manufacture ; for crucibles 
the flaked graphiie Is almost essentiaU and the Ceylon 
graphite of this quality Is eminently suitable; for electrodes 
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purity Is of great importance^ and artifidaJ gfrapliiic pre¬ 
pared in the elecLric furnace is preferred for electrodes and 
many other purposes; often the physical properties and I he 
freedom frcmr gri* are more important tJian the amoiint of 
carbon actnaliy present. 

Hydrocarbons: Coal and Bitumen. 

[a this group is considered a variety of substances wliich 
dilTer very widely among themselves^ in mode of occurrencEj 
physicai properties and chemical composition, but which all 
agree in consistingy in the main, of carbon with hydrogen 
and oxygen* Such substances arc here considered m tw^o 
groupsr the Coals and the Bt'ttimenr, 

GOALS. 

The name coal is appiied to a number of different sub¬ 
stances, largely made up of carbon^ Oxygen and hydrogen, 
which have this point in common, that they are more or 
less altered remains of old land vegetation, forest groivth^ 
peaty or swampy materiai, etc,, transformed by slow 
chemical changes (principally the elimination of hydrogen 
and oxygen from the original woody tissue] into a material 
richer in carbon- Two thconts have been put forward to 
explain tlie origin of coal* The first of these, the groicfri- 
ifi-pjuci? theory, supposes coal to be the result of the geolo- 
logical entombment of vegetable matter decaying in the 
place in which it grew,—this expianation is held to fit the 
origin of pure well-bcddcd extensive coals, such as common 
coal. But a second theory, the drift theory, has been 
advanced to explain the formation of Impute current-bedded 
local coal, such as some forms of canned which Is thought 
to be the resuEt of die burying of drifted vegetable matter 
in a delta. According to the vidssitudes which it has 
undergcnCj coai has varying amounts of carbon, hydrogen* 
oxygeji and nitragen; — the less-altered varieties, such as 
Ugnite, containing large amounts of the gases, and the 
highly altered varieties, such an anthracite, containing as 
enuch as ^ per cent, of carbon. Hence, several varieties 
of coal can be distinguishedn Typical analyses of the main 
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varitLiifiti are giYcn \n the table^ and ilic vaxielJes are 
described below. Whatever may be the □rEg'io of any par¬ 
ticular coaJ, the processes of Dr^nic decay have largnely 
iofliicoced its fioal characler. 


CoMPcsiTfON OF Coals, EtcJ 
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Coal occurs in true beds of various j^colo^ical agcs+ The 
Carboniferous System is by far the most irnportaat of the 
coal-bearing' rocks^ and Uk coaJ of Great Britain, Pennsyl- 
vania^ Cermajiy, India, etc., is of this age. In Britain, the 
Carbon if eroas rocks have been gently folded, anil, though 
the coaJ-bearing division has in most cases been removed 
from the crests of these folds by denudation^ it haa been 
presented in the troughs or coahbasins. Eitamptcs of such 
basins are ahbrded by the Lancashire coalfield and the 
Vorkshsre coal held, whicb occupy the do^mfolded troughs 
on either side of the crest of the Fennines, 

There are, howeverj ex tensive deposits o f coaJ at gcoSo- 
logicai horizons other than the Carboniferous, though these 
deposits are usually less valuable both in quality and thick- 
CreLaccotJs coaJs occur ejctcnsively in the United 
States and on the Continent of Etirope, and even more 
recent deposits are worked, 

Coals arc classified id various ways. That adopted in 
the Coal Resources of the World, depends on the 

following factors:-— 

c-^ HuU, fiSEi, O'-J, 

11^20, p, 703, 
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(IJ Fti*i Faiia.—Tbie f*lFo ol filed cArbao Ip voIttilE tnAlter. 

\2) C#£prr/fi- paJcre—tlie ftnaeunl of hcAt produced by ihA cOmpJEtE 
burning oI a BtandHrcl wei|ht of C*aI. It is meAsqred by iba 
British ThsrmaJ Unit, whicji is the ammldt of hjsat required (0 
rAise a similJlT filandBid weight of WAter 1* Fahrenheit In 
lemperAtune. 

[S) Ciirdoit fnitiftit, &/ veriafiltj. p/ BTPfj/srr. 

t4|i .Vff/Bre e/ fkf produced by Ibe coal. 

On thfs basis, the folio wing- types of coaj are estab¬ 
lished :—^ 

Moisture eiVf-T ^ per CchL j calaridc value, 7jO(«Hlj(BO 
FrT.U.; Carbon, 45^1^ pei oenL 

tfr ^fTRi'^/rirnrrauirj-—Moisture over fl per cent, and up 
to 30 per cent, j calorific value, lO.OOO-ia ,000 B.T.U,; arbso, 
fi{^7S per ceni. 

Cafiitil. —Calorifii^ ■'i’alhc^ L^i.'DOQ-lG,00(3 B,T,TJ.; coke very portHua^ 
yields 30-40 per ceoL votalile matter on disliGlllou. 

Lou^-fathiyn M□isEnxe oecaaioiiiallT rCAChcS 6 per canL; 

volatile matter, up to 3 S per cenL; ralcri^ vaJue^ 

B,T,U. I carbatl, 70-90 per oenL ; coke porous and friabie. 

Fuel rabo, 1-2 tn 7^ calorific vaJoc^ 14,000^15^000 
: CArbon, 75-90 per cent, ; Vbkti]^, 12-2B per cenLj 
gener^y COkes. 

Anthraiilu and —Fuel ratio, 4-7 j calorific 

value, IS,20€-].G,OOC1I D.T,LL; ewboh, 90-00 per cent, i volatiles. 
12-15 per cent. \ dCM. not readdy eoIcb. 

JT^r-flalArariVe.— FueJ TAtiOp 7-12; calorific valllCr 15^000-16,000 
B.T^C, ' carbon^ JHJ-SO pet Cent.; volatiles, 7-12 per cent. 

AKikT^itf. Fuel ratio mure than 12; ralnride value, 14,500 lo 
15,00d B^T.U^; carboo, !t3>^95 per cent.; vdaliLa cODibuilible 
mallet, 3-0 per cenh 

VARLEITES OF COAL 

Peat* —Peat results from the accumulation of vegetable 
matter^ chiefly mosses and other bqg plants, and forms 
extensjTe beds in Ireland, Russia, Canada, and elsewhereH 
1 he org-anic natLire of the deposit is evideot throughout the 
entire mass* although the boUum layers may hefzomc com¬ 
pressed into a cornpacc homogeneous substance, a change 
leading to an increase in carbon content, 

Lignite or Brown CoaL—A fun her stage in the altCTa- 
tioo of a v^etable deposit is marked by Lignite, which, 
though compact and having a brihiaut lustre, shows never¬ 
theless distinct traces of its origin by coutaining impres- 

S See AlM CffflJ, Monographa ou ktitic.-at Rhouttes wiUi SpociAj 

^clmrenca ta iha BriUpIi Enipif*^^ Im^hal lOSC, pp. 3 . 4 ^ 
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sions &nd remains of %'cgctablc fra^^ments, leavc&t 
Lignites caiitaiEi a goo^ deal of moistore, and often go into 
powder on drying-. Lignite occurs in beds at many horizons 
in the more recent geological formations , as in Germany | 
Hungary, Western Canada, and the Mississippi Valley. 
The name hrmifFT is often restricted to a coal of wlicch 
the vegetable origin is not so evident as that of Ugliite, 
Jet is a resinous, hard, coal-black ir-aricty of lignite, capable 
of taking a high polish, and hence suitable for ornaments. 
It IS found at Whitby in Vorksfiire, and elsewhere. 

Cantiel CoaL^-Canne! Is a variety of coal which ignites 
in the candEe fiame at^d bums with a smoky flame. It is one 
of the bitnminoEis coals, but differs from the usual types of 
such coals in itf texture, Eustre, fracturCi colour and com¬ 
position. it is dense, has no lustre, its fracture Is con- 
oholdaJ, its colour dull-grey or blacky and it contains a large 
amount of gas. Microscopic: examinatiori shows that eannel 
is typically composed of spore and pollen remains with an 
abundance of those of oil-bearing algain On distillatiani 
caunel produces a large amount of volatile material, and 
Is of value for the productioD of oils of various types- 
Torhanffe or Boghead Coal is a variety of cannel cousidered 
to arise by the deposition of vegetable matter in lakes. 1* 
is found at Torban, Boghead, and at other localities in Lin- 
lithgow'shire. Scotland^ and forms also lenticuLar deposits 
in New South Wales. Its esploitaliun hi Scotland gave rise 
to a cdebrateil Euwsuit which involved an accurate definition 
of the term coal," 

BitiiminouB Coai@« — Bituminous coats vary tJj'tsitlcrably 
in cbaractcFt but they all burn with a smoky flame, and 
during combustion s^ten and sivdE up in a manner re¬ 
sembling the fusion of pitch or bitumen. This, however. 
Is only a brst step in their destructive distillation, and there 
15 no actual bitumen present. These coals have a bright 
pitchy Eustre, and their specific gravity varies from l’i4 to 
i'4D. Varieties of bituminous coals are distinguished by 
their manner of burning, for example^ caking coal and non- 
caking coaL 

Anthracite. —Anthracite is a black or brownish-black, 
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sornetinies iridescent variety of coal, ft^ sLreak is black, 
and It does not soil the fingers. Its lustre is usually bril¬ 
liant, and it breaks witJi a conchoidal or uneven fracture. 
The hardness varies frojti 0^5 to 2'5p and its specific gravity 
from 1 to t'S. Anthracite con tains up to 05 per cent, of 
carbon^ the const!tueoLs, hydrogen, oxygen and nitrogenp 
being present in very* smalJ quantity. " It i^s less easily 
kindled than other coals, and bums witEi but little fiame, 
and during combustion gives out mtLCh heat. Passages 
from anthracite itiio ordinary coal have been observedp and 
thl 5 variety usually occurs where cpal-btaring strata have 
been subjected to considerable pressures qr raleied temperu- 
t^es; but there are e^rceptions to this rule, and the anthra¬ 
cite may be due in soine cases to alteration of the original 
vegetable maferia] before entombment. Anthracite txcurs 
locally in many coalfields, as in South Wales, Scotland, and 
Pennsylvania. It is used where a smokeless fire required. 

bitumens. 

Bitumens arc esseutially hydrocarbons of the paraffin 
seneSp aJid of the naphthene series, Dif¬ 

ferent bitumens have different proportions of these two 
seriesp and also have subordinate amounts of allied senes. 

I he bitumenSp in the tvidest sense of the term, include 
members ranging from a very liquid, Ught-ycllaw, oil, of 
specific gravity 0 771, through gradations to solid blhimeos, 
such as asp halt p and to waxy substances, such us ozokerite. 

Crude Petroleum, Naphtha, Mineral 0il.~Under the 
nan^e of petroleum are included liquids of a brown or 
blackish colour, often witli a greenish tingEp generally some¬ 
what lighter than u'atcr, and usually possessing a pDw'erful 
and disagreeabte odour. By fractional distillation various 
oilSp known as petroleum etherp petroleum spirit^ benzine, 
trtc., are separated, and arc CKtcusively used in intcrual 
comhustioD engines. The intermediate fractions of cfistHla- 
tion are used for illuniinatiDn, and the heaw products pro¬ 
vide lubricatirtg and fuel oils* 

l^etroknm is usuany found in sandstones and dolomites 
wiiieb are Ijtrnt Into gentle folds or domes, aod the most un- 

aa 
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portant oil-bearing^ straia ane of a g:eologicalSy recent date. 
The chief oil'fieldsj arranged according to the age of the 
racks containing the oil^ arc :—Tertiary, — Irso (Persialt 
California^ Russia^ GuJf States of United States^ Roumaniat 
VenezueJa, Btirnia^ Cretaceous,—Texas, Wyoming, GaEicia; 
Carhoniferous and Devonian,—Tesas^ Oklahoma, Kansas, 
Pennsylvania, llliriols^ Cana^la- Ordovician, — Indiana. 
The presence of petroleum may be shown al tlie surface by 
seepage of oil, or by pitch or bitumen deposits, the tatter 
due to the evaporation and oxidation of die volnule hydro¬ 
carbons. 

Two types of views ore held concerning the origin of 
peifotcurn. Sy some it is considered to be of inorganic 
origin, resnltlicig either frorai voEcanic action, or from the 
decomposition of carb[des in the interior of the earth on tiie 
accession of waters coming from the surface- The more 
generaUy accepted view' regards the petroleum as of organic 
origin, derived from the decay of accumulatioiui of organic 
material, possibly dominantly of vegetable origin. 

Asphalt, Aspbaltom^ Mineral Pitch.— Asphalt Is a 
mixture of different hydrocarbons, uSuuUy occurring In [he 
form of a black or brown pitchy substance, hut occa¬ 

sion ally solid and then maybe with a conchoidal fracture. 
iJy the action of suitable solvents, such as carbon bisulphide, 
asphalt rni^y be dissolved on the one hand mto various hydro¬ 
carbons, arut on the othcT into a non-bituminous organic 
matter approximating to coal, with this latter being mixed 
any InorgaLcic substances present in the Crude material. 
Asphalt occurs in quantity in the celebrated pitch-blce of 
Trinldadp and in Venezuela, Cuba and Alberta; in these 
tocalitles the asphalt deposits result from the oxidation of 
petroleum. In England asphalt has been found at Castleion 
ia Derbyshire, Pitchford near Shrewsbury, and at Stanton 
Harold, Leiccslcrshirt, where it encrusts cry&ials of galena 
and copper pyrites; these occurrences are of no commercial 
value w'hatcvcr. 

Porous sedimentary rocks ^ such as sandstones or dalpmites, 
may become impregnated with up to iB per cent, asphalt, 
and are then worked for natural paving materlaU or for the 
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extractsDn of asphalt. Such asphalt rocks occur at Neuf- 
chatcl, FrancR^ and in Kentucky and OklahomEi, and tiear all 
asphalt deposits. 

The various grades gf asphalt are mixed wkh different 
quantities of rock-chips fo fortn paving- and road materials, 
and the purer varieties are suitable for walerproohrkg 
masonryp as insulating material, etc* 

£lHterit€f Elastic Bitumen^ Mineral Caoutchouc. — 
ELaterite is a soft and elastic bfOVpiiish solid bitumen, much 
like india-rubber in its physical properties. It has been re¬ 
ported from C as tie Eon in I>erbyshire, Nei 4 ichatel, and else¬ 
where. 

AlberUte, GilBoiLite^ Grahamite^ Uintaite, Wuxtzib 
iite,— All these subsiances are varieties of solid hituinenT 
differing slightly in tlieir chentical and physical properties. 
Such materials usually occur filling fissures, as in New 
Brunswick^ and have been derived from peiroleum-bcaring 
rocks. 

O^okeriie^ —Ozokerite resembles beeswax in appear¬ 
ance, and is a dark yellow or brownish substance, often with 
a greenish apalesccnce^ It is found associated TA'ith petro¬ 
leum in Utah, Moldavia, and in Galicia, where it is mined. 
In Galicia^ 02 okerite occurs squeezed up into fractures, so 
as to form vein-llkc bodies; when these veins ” have been 
worked out, they are slowly filled hy the rising of ffcsh 
material from below. Ozokerite is purified to lorm ceresine, 
which is used for making candies. 

HutcheLline. —J latchettmc is a colourless or y el to wish» 
soft waxy substance, resembling ozokerite. It has been 
found in the cracks of ironstone nodules at Merthyr Tydvii, 
South Wales. 

Amber. — Amber is a fossil resin much used for the mouth¬ 
pieces of pipes, and for beads and ornaments, — this latter 
use bemg of great antiquity. Amber varies in colour from 
deep orangc-ycllow to very pale yellowish tints^ and is some¬ 
times even white. It is frequently clouded, and often con¬ 
tains fossil insects, ete.| W'hich were enclosed in the gurn 
when it was exuded from the conilerous trees of the period 
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during whicJi the deposits conLainln^ Jt \verc I^d dowo^ U 
^5 a JiArdness from 2 to 2^5, aod breaks whh a coDchoidiil 
fracture^ Jis specific gravity Is about M, aud its refractive 
judex t ij4# W bett heated amber leaves a black residue used 
\n tfie maniifacture of the finest black varnishes■ Amber 
occurs as irr-eigiilaf nodular fragments In strata of recent 
geological deposited under estuarine conditions^ and is 

extensively worked on the Prussian coast of the Balticn 

Copalite, Highgate Resin —Copalite Is a pale yello w or 
brownish waxy substanetT found in smaLf lilms or fragments 
in the London Clay, at Higbgale Hit), London. It bums 
eas]!y with a smoky rlamc. and leaves little ash. 

Ciiiin CopaL- —Cium copal is resin found buried in modern 
sands, as in Neiv Zealand, and is an inferior kind of amber. 


SILICON MINERALS. 

Silicon (SiJ docs not occur in a free stale in nature, but 
its Compounds are extraordinarily abundanti It constitutes 
aboui 28 per ceni+ of the earth "s crustir The oxide, quartz, 
and the great group of the silicates are the rnost Important 
rock-forming minerals. 

Siiica, SiOji is the Ofily oxide of silicon. I t occurs in the 
form of quartz, chalcedony, agate. Hint. etc. Sand is 
usually made up mostly -of small graiiis of quarts, more 
rarely of Hint, and consolidated sands provide the important 
fiedimentary rock, sandstone. Opal is a hydrated form of 
silica. 

The large number of minerals knoum as the iHicates 
were formerly considered as salts of various theoretJeal 
silicic adds, hue trre now classified OD the basi,^ of the slmc- 
mral arrangements of thdf constituent atoms. These struc¬ 
tures have been eEucidated by the metlwds of X-ray analysis, 
discusiicd on p. 127. A resunie of the structural groups is 
given here for Loivveuicnce; reftrrtnce should also be mjde 
to pp. 1S9-145. 

Silicate (jroDp%^— The urut of ah silicate structures is 
the SiO^-group of atoms, in which four oxygen atoms sur- 
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round one silicon, the oxypcns lyiii|j^ at the trornere of a 
rcg^uJar tetrahedron 75^^). 


([) .S^p^raie oomr ia tuuinrak such a= qljvun; and 

fvnet. I’hfi letratifidM iiE startead in a itEulax pstlcm 
throughoLEt n crystal and ar^i Md tagctafir hy bonding with 
nietal atncna wlikb Ue between tW. divine, itg^SiO*. 

(ii) Sf\a^ri>tipT of fjaa UitArd Tha $1,0. miitE are 

paEiEd tOgBtbflr regutarTy in a ciy^falp with metaJ Jtl- TilTH^ lying 
between llitm. A restively smiill numhcT of silicates have this 
Etractnre, induding mdlLilE, Ca^MgSiaOj. (F/f. rsbj, 

(III] $itucium, in which tho tetrabedra are linked to /nrm 

rings wiih the compijaition n(SiOah A ring of sit tetrahedta 
is shewn m 75c J the mineral bcjyJ, BE^AUfSiRa,-), hsa 

fjus stnjcluic, 


(IvJ Siitglf ckatH itrarlKfU. The SiO,-tctrali<^iTa 3 r« lioted to form 
trains baTing the MraposaiM SijO,. tf‘g 75±) ThEse chains 
lie paraHcl to noe another in a crystal and are tield lOi'ethcr 
laterally by tllnlal ions. The structaiie is foniid in Uw PviOiene 
uroufj of minerals, f.g. diopddo, C«Mg(SijO,l. When A1 ia 
Hnh5titxiied far part of the Si, chimtnoiiH pyranenes Encb tte 
augile Arc formed. 


(v) ^auSfir rAmif sIfUffares, Twq single eJiblds placed side hv side 
are littXcd by faring prnfocting otygens (see Ptg. 75c)p giving 
tliE ctHtipDsitiinn WinerilE the Amplifbolt groop have 

the double chain “tnnrtiiTe, with the chains tying parallel ta the 
^axas erf crjitals; f,g. tremolite, CJl 3 Mg^(Si,O,i)s( 0 Hli, 
Hyiraiyl i* always prKient (r/. "‘water of crvsUiItisatina 
AlEiminqus amplu bales, ijurh ns haTTli’bTjeade, are Toroted when 
some Al It substipited for Si in the Stfnclure. 

WT:cn the SiO,!-letrahcdm lie in. n plane mid 
are linked _ by tlir« corner^, with their apexes itH poiatiiig in 
one diimctian, a "ih«i" halving the ccmpa^llon Si^O,p is 
fnrasd. iPi^. 7fif.) Thts slruclum ia charsicierifitic of ftakv 
minerals mch as the chloriles, talc, the clnv inin&niis\ 

Ex^iphii _MBH:rjvite mica, KALiAlsyOijfOH]^, Nose 
that A] IS tu'bgtitqtad fof Si tn the SKleiiS of one Atom In fonr, 
and that iwa hydraiyl gtmpa are presenL The perfect cleavage 
of micas takas place parallel to the aliocia of Uakcii tfitrahedra^ 
akng the layers of K atoms which lie bctiveflcn Ihe sheets, as 
dwctiLed on p, 144. 

(viij Fremfwtfrt tSrmt/tfrer. These are formed wbea Ihc nnit tatra- 
hedra axe Knkfd by a!l fmr comer* to make threc-dimimaEonBl 
fr^frwocka, which hav'e the ccmpCHSltian njSiOj]. In quaxtx 
fSiOjJ the tettahedra bnSJd up Jt pattEm conaiati ng of a series 
of linked spirals whose axes lie paraUel to the r-aiis of tbe 
crystal. In the Fckpara, a different kiai! oi framework is 
foemd^^ and part of the Si k repl^toed by Al^ as En orthaelaao+ 
KlfMSijJOj i the large Iv-ioaa Rt into epacE in the framework. 
Othar group* of mEnerai-s F.iKh oa the falspaihoad* and xeclitcE 
also beve three dimoOsional framework stmeturES. 


ele:ments of mvsmAtooY 


In this section of the book^ the silicates dealt with first 
are those that are common consdtucots of the earth's crust 
—i\ff- die typical wock-formlng silwates^. They are taken in 
the above order of structural groups^ as follows:— 

(IJ Olivine family,^livincp forsterlte, fayalite. (SiOJ- 
fjroup. 

{2} Fyrosteac family,—enatatite^ hyperslhcne, diopside, 
augite, etc, (Si,0^)^gTOtip, 

(3) Am phi bole family,—hornblende, tremolitep actimllte, 
etc. (Si^Oj^l^ronp. 

(4) Mica family,—muscovite, biotite^ etc, (Si*Oifl)-g:roup. 

(5) Chlorite family,—chlorite. [Si^Oj^^j-grottp^ 

(0) Felspar family,—orthocLase, mlcroctinej plagladnsCp 
etc, (SiO^j-framework g^roup^ 

(I) Felspa thoid family,—ncphelme, lend Ie, sodahte^ etc, 
(SiOJ-framework group. 

(8) Quartz and other forms of silica (chalcedony, ctc+). 
SiO^* 

l-ess abundant but important mineral families are then 
de^ic^lbcd, again as far as possible in the order of their 
struciural groups, as follows:— 

ffl) Camet family. 

(10) Epidofe familyp—iolsltCj epldDtr, orthitc, 

(II) Spheae, 

(l2j Topaz. 

(13) Alum in I urn silicate family,’—a ndalusite, slUImanltc, 
kyanite* 

(14) StaiLToIUe. 

(15) bfcHlite. 

(16) Idocrase. 

(17) Tourm aline. 

(18) Cordierite- 

(l^) Chbritoid family,—chlorltpid, ollr^slite. 

(20) Hydrous magnesium silicates,—tak, serpentiae^ 
meerscliaom* 
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Hydrous atummionl fiilicAtes —kaolSnite and iht 
clay mintrab- 

(22} Zeolite fajiuly,'—aoakitCt natroliiei etc. 

(23) Scapolile family—seapolite. 

(24) Axifliten 

(25) Wollastonite. 

(26) Glauconite. 

The silicates of ctrtaifi elcntcntSj such as those of the 
heavv metals^ coppec+ nickel, zincj irofi* €tc+j are described 
tinder their rC:Sp<':ctlve metatllc components since thc^* are 
ores of these nietak; further, certain other silicates of rock- 
forming^ type Imve also beeii described under melallk de- 
TTients, and for the same reason* Such silicates are 

Heryl, described on p. 27S under Beryl¬ 

lium. 

Spadum^ue, LiAltSi^O,), described on p. 2\^ under 
Lithium (set also under Pyroxenes^ p- 385)* 

Zircon, ZrSiO^i described on p. 315 under ZircDnii.im. 

Tests for Silicates. —Some sllkalcs gelatinise when 
boiled with hydrcdiloric acid; the mineral should first hr? 
roasted with sodium carbonate on charcoal. In some cases 
the silica separates In the form of indistinct flakes^ Silica is 
insoluble In the micro^rositilc salt beadt Jiod after the fusion 
of silicates in that bead the silica remains behind as a whitish 
framework or ghost, 

■[jgeg^ —Many of the silicon rninerals are of considerable 
ei'^rioniic valued rock-forming silicates arc exploited maitik 
on account of certain physical properties that they possess. 
Examples of such minerals and of their uses are:—^ 

(w) Qiiartz Is used fw cKciUatot aptiEA] work, etq.i qliftm 

sands an; useJ for glass-making and iuv vaxieu! liuiMui^ pur- 

posca. ^ 

(bj Opal^ Elrcon, spben^ mcwMlone, topax, marntfllme, peiidot, 
BiRBthyst, garnet, etc^ ata used as gemstoDcfi. 

je) Tripoli and garttfil arc uied as abrasiTrs. 

(d| Ffilfipara am used sn the maiuilactiire oi ponoUam. 
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(e) Kwriin ia e(H.pInjr,a Ifl'paltary malingi daya, uled for’bficli. 

maldng aet, are krgdy silicate of sJutuinimn. 

(t) UHt«a and sandBtanea, iota tie cofliiMslti®B of whieb qaairr and 
Ir,i ^gely TOlcr, tie used U bnildiltg raaterilli. 

? T‘i“'“ un£»n*nCE in the eloctricai indnatrv, 

P”,* 7^ 1 ?as a fillet far paper, rubber. eU, “ 

(0 mioeraia are itaed for the mtaufactute of dou. 

CDoonListilHi^ mElerlaJa.. 

The Olhine Family, 

Tn trod motion,--The olivine family consists of an iso* 
morphous series of minerals with the general formula 
m which R ^magnesium or iron> The nm^- 
/offferife, uiagnesiuin orthcKiIicate, 
the tron cnd-itiember is fayaliU, Fc,SiO • Inter- 
medtate ^Jwew two is oiiMHe. magncsiutri Iron nrfho- 
silicate, tA%,Fe)jSIO,, 

OLlVINEp FEridot, ChrysaHtEi 

CoifP.^ Magnesium Iron orthosilicate, fMir.Fe) SiO . 
With Mg in eacccss of Fe. ' * 

Cr¥st. Sy^.—Or^orhambSc, Coii, Fohm.—P rismatic 

crystals usualJy modified by domes and pyramids; aJso as 
grmns, massive or compact. CoLoun,^hades of gr«n.— 
paie green, obve-grecn, greyish-green,—brownish? rarely 
yellow; white or yellow in fbrsterite; brown or black in 
ayahte. Srnc^.—Colourless. LosTwa.—Vitreous; trans¬ 
parent to transluceiit. Fftacr.—Conchoidal. H,—6-7. Sr. 

n. orsteriie 3 2; fayalJte 4^3; olivine tutermetfiate. 
roun^d ro^-^slices,, olivine occurs as somewhat 

thr m n s^Kons. traversed by Cracks along which 

Lbe minertil is usually altered into greenish serpentine,-^the 
a teration ^mg tnarted by a network of Iron-oxide as 
lo^ in Fig. Ill; cleavage is not usually seen; colourless 

the iron content,—forstente *=1640, ^==1-061. v= 1-680' 
olivme (optiMlly positive) 1-081, oli^ne (optlcaUy neca- 
^1=1706; fayalite ^=i.g64t hirefri^arLol^. 

hiatla^of Bnd order; 

^ positive ,n varieties with less than about 

F*0 ^ negative in those with more than ii% 
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Tests.— Most varkties art infusible 
before the blowpipe; recogaised by 

colour and physical characteristics; 
decomposed by Ikydrochloric acid with 
g:ti]atEoi5otion. 

%'^AJito-iEs. —For sie fits is the tnag- 
EiesitEzn olivuie^ MggSiO^T in whitish 
or tight green Or yellow grains in 
crystalline limestones; Fayalite Is the 

iron olivine^ FenSiO^, brown to 

black in colour j It is easily fusible 
before the blowpipe; it occurs in slagij, 
and in cavities, etc,, in rhyolites as in the Yehowstone Park, 
and in granitic pegmatites as in the Mon me Mountains; 
Peridot is a gem variety of olivine, transparent and pale 
green, found in Fgypt, Surma and BrazrL 

Occurrence.—G hvlne is the essential rnlncral of the 



Tic. 111.—Olivirie *kcr^ 
iog inTa Serpenlinc. 


igneous rocks kno^vu as perldotitcSp dunite being an almost 
pure olivine rock ■ it also occurs In basic igneous rocks such 
as the olivine-gabbros, basalts and dolerites. The variety 
forstcrrtc is formed by the dedolornliisation of an impure 
dolomite on metamorphisnii as in the forfiterite^marbles; the 
forstcrite readily changes into serpentine, tliereby giving 
rise to oplncalcite (see p. 410). 


The Pyroxene Family. 

Ttitrodnclion. —The Pyrusenes are a group of allied 
minenils whlrh fmvc certain phystca] und chemical charac¬ 
ters in common, and possess the Si,0, chain structure 
fp. 142). 

In composition the pyroxenes are silicates of 

iron, magnesium and calcium, sometimes Tivith alurainiwnn; 
same varieties contain sodium or lithium. Thus, several 
of the pyroxenes have a metasilicatc composition, RSiO^, 
w^here R js magnesiuni, iron, or calcium, or more rarely 
manganese or aunc; in other pyroxenes there Is a suhstitu- 
tion of aluminium for part of the siLicon^ giving a formula 
□f The type R,(A 1 .Si) 50 ., where R Is Ca, Mg, Fe, Al, or 
The alkali-pyroxenes have a composUbn represented 
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by wbert R' is iii>dmin or Irthiuni, and b 

iron or alurninium (sec t;xanipl«s gfiven Ic^clow). There art! 
inany varieties of pyroiienep due to lii£ replaccJueDt of atoiJii!» 
of one metal by another within the Umils of the formula! - 
thLtc i 3 p tlie touS a umber of aUinis In any ip^oup (such as the 
R ^iip) is aSwnys ihu same. Only alumimum can replace 
silken. ^ 

The pyroxenes crystaUhe in the orthorhombicT monoclinic 
and tridinic crystal systems, the prisrtiatic angles of the 
crj'slals being nearly right angles; most of the pyroxenes arc 
charaeitnsi':il b\ a goad pnstuntic drutfuge [Fig. 77h Tlic 
orthorliombir: nn^d it^u hoc rink' mcndiEirs ha ve closely similar 
atomic structures. 

The chiefi. or most typicalp pyroxene is auglte, and the 
names augitc and pyroxene arc often applied to the same 
mineral. The dHferences benveen augite and liornblcnde,— 
the chief member of the ampli'ibole family which Is in many 
respects closely analogous with the pyroxene family,—are 
indicated in the introdtjction to the amphibqlcs on p. S4n. 

The f^yrOKenes may be divided for our purposes into the 
groups given betow ; vadetiefi based mainly on physical char¬ 
acters are considered under their appropriate chemical 
groups. 

L ORTHORHOMBIC PYROXENES. 

Ffjsifltrfe, MgSiO^ (or NfgjSijO^). 

Hypersthent^ (Mg^Fe)SiO^. 

11. MONOCklNIC PYROXENES. 

(a) OlDPSIDlI-HEDE.VBEHClTe Sertfs- 

IHop^ides CaMgSi^O^^ 

t CaFeSi^O^. 

(b) ALtfirrE Serife (aJummous), 

-3 Tigrt !■, (Ca, Fe^ .\1)a(AlT Sil^O q * 

(Ca,Mg)(Mg,Fe)SLO^, 

(c) Ai-kat-i Pvroxekf Series. 

ALgiriie, KaFe^^'^Si,0||. 

transitional between Augile and 

^■Egirite. 

/adci^e, NaAlSi-Oq, 

{Spodumstii^t, LiAlSi^Oqp described otv p* 214 
under Lithium.) 
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I. OrlhorhflDiliic PjTonene*^ 

iNTHODircTios.—The orthorhombic pyrmremes arc charac¬ 
terised bv two chief miiitrals, enataiite, MgSiO,, and bypers- 
thene, fFe,Mg)SiO„ and a third species bronzite. a variety 
based on physical properties- There is probably a eoniplete 
isomorphous series between tbe magaesiuiii metasilicatCj 
Mg^SiO,, and iron metasilicatc, FeSiO,, now named 
/errf)jif((e—^though the laitcr bns not yet been distinguishcfl 
in nature- Hvp^rstheoes with over 80% FeSiO, are known- 
Thcre is a gradation in physical properties,—specific gravity, 
refractive index, birefringence, etc., — from enstatite to the 
most iron-rich hy’persthene yet discovered. Or^orhombic 
pyroxenes with less than about i5% FcO are optically posi¬ 
tive and arc enstatite; those rvith more than 15% FcO are 
optically negative and are hypersthene. 

ENSTATITE. 

Comp. —Magnoslum silicate, MgSiOj, with up to la.u 
of iron silicate, FeSIOj, giving the general composition 
{Mg,Fe)SiO, or (Mg,Fc).SuO,- 

Crvst- Svst,— Orthorhombic. Com. FoRM.-^tout pris* 
inatic Crystals, shownog prism and macropinacoid and 
braebypinaooid; usually occurs massive and lamellar. 
Cleav.— Well-developed parallel to the prism {110). givii^ 
two sets of cleavage-planes w'hich Intersect at nearly 90 ■ 
parting parallel to (010) often good. Colooh-— Grey, green, 
brown, yellow, colourless. Lustre-— Vitreous, pearly, 
sometimes fibrous-looking on cleavage-planes; subtraM- 
lucent Co opaque. Sp-Gr.—^T- 3‘3, increasing with 

increase of iron content- 

Opt. Props.—O ccurs as colourless to paJe-greenish grains 
and crystal stxtions in rock-slices ; transverse sections- of 
Crystals show two sets of cleavage-cracks at nearly 90 ; 
loogitudloal sections show one set only ; the transverse sec¬ 
tions bsuallv e-sided, squarish, with larger prism edges cut 
off by amali pmacoidal edges; refracdvi: indices, 3 = 1 ’^, 
(3^r-6&0, 1 065, and increasing rvilh iron content ; bire¬ 

fringence is low, the polarisation colours being not much 
higher than those given by quartz; extinction parallel to the 
prismatic cleavages in longitudinal sections; since the body- 
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cploQf is ^ually weak, the pleochroism is not weli-marked; 
biaxial, with large optic axial angle, and opiically positive; 
transverse sections showing two S(*(g of well-marked pris¬ 
ma tic'cleavages at about 90* give in convergent light a 
bisectrix, a feature distinguiahing the orthorhombic 
pyroxenes from the mooGcUnlc, from which they are also 
separated bj lower birefringence; enstatite and hypersthene 
sametimes alter into a fibrous aggregate called bast its, or 
tchiUerspar which has the composition of serpentine,^the 
bastite fibres are arranged parallel to the c-axis of the 
pyroxene (sec also p. 410). 

Variety. 'Bronsiit is an iron-bearing variety of enstatite; 
It usually has a bronae-like or pearly metallic lustre and is 
foliaceous; it is the most infusible standard, 0, In \'oi» 
Kobcl s Scale of Fusibility, and can only be rounded on the 
edges of fine splinters in the blowpipe flame. 

OccuRHENCE.-^Enstatitc occurs as a primary constituent 
of the mtermediaie and basic igneous rocks, such as gab- 
bros and diorites and tlieir dyke and effusive equivalents; ii 
al^ occurs in some peridotites and serpentines, as in the 
Kimberley diamond-beariog biue^ground; occurs also in 
meteorites. 


hypebsthene. 

Comp.—I ron magnesium silicate, (MgjFelSiO,, with 

more than 15% FeSiO,; hypersthenes wlih over SG% FeSiO, 
are knouvn. i 


Cbyst. Svst. —Onhorhomhic;, Com. Form. — Crystals 
we. prisiratic; usually foliaceous or ra.-issive, Cleav,— 
1 nwatic (ilO) good, also a parting parallel to the bmehy- 
pnacQid piO) good, giving three sets of clEavsge or part¬ 
ing lints m transverse sections. Colouh.— Brownish-green, 
peyish or greenish-bfack, brown, sometimes almost black. 
Lustre.— Sub-metalllc; schiDerisation b very characteristic 
□ tj-persthene, tod is due to the presence of minute scales 
^ssibly of brookite or iron oxide arranged in parallel planes; 
crati^ucent to opaque. Fract. —Uneven; brittle. H.—5-6. 
bP. Gb. 3-4-3-5, iocre^ing with iron content. 

thin sections, hyperstherte shows the 
same habits as those mentioned for enstatite above; body- 


THE DESCHiPTIOJi OF MINERALS 


3 ^ 


colour more m^ked ht hypers tE^c, and often a well- 
marked pleochrotsm^ X = pii^^ Y^yeiow^ Z=gTeen> ifr 
seen; refractive Indices higher than those of ensiadte, from 
673, 7=1 683 to 1-715,/S=1'728, 7 = 1-731, 

incrcasmg with the iron-content; birefringence similarly in¬ 
creasing, the polarUatlon colours being of 2 nd order; extinc¬ 
tion in longitudinial sections parallel tn prismatic cleavage; 
biaxial^ vtirying bnt usually large optic angle, and optically 
negative; Incinsioos oommonp consisting of tiny platen, rodsi 
or blades, arranged In various sets of 'para del planes,— 
schiller^plates; sometiincs bypersihene shows a laoicllar 
intergrowth with moooclintc pyroxene. 

Tests.—H eater! before the blowpipe^ fuses to a black 
enamel, and on charcoal to a magnetic mass. 

OccUKHtNCE.—Occurs tn basic igneous rocks, such as 
norite (hypersthene-iabradoritej, gabbros, etc., in Inter¬ 
mediate rocks also, espcciallj andesite ; In the series of meta- 
mo rphosed igneous rocks known as charnocklics, in various 
types of crysialline schists derived from igneous rocks, and 
In contact-metamorphosed dominantly argillaceous rocks^ 
the hypersthcne-bornfelses. 

II- MaQocJLalc FyroxeEi^ 

Iktkoductjos\ — A s indicated on p. 33G, there are several 
series amongst the monodink pyroxenesji some of w^bich are 
dealt with he!ie+ The first group of monoclinic pyroxenes, 
die Diopside-hedenbergite Series, is non-aluxninousp whilst 
the Augite Series contains aluminjuin; the alkali-pyroxenes 
are characterised by containing soda. Only the most im¬ 
portant series are considered here in detail, less important 
groups being mentioned briefly, 

(a) Diopstde-Hedenbergite Series.— rhis series has as 
two end-memhers diopsidc^, CaMgSi^O^^ and heden- 
Cal'cSi.O^. As the proportion of the heden- 
bergiie increases (bj' substitution of Fe for Mg), the refrac¬ 
tive index increases^ the extinction-iingle on the clinopina- 
coid increases^ the birefringence decreases and the size o[ 
the optic axial angle remains at about 00 \ 

MOrSlDE. 

Coair.—CaJeiam magnesium melasilicate, CaMg(SijOJ» 
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Crvsi, S¥5T.—MoQoclinjc. Com. Form.—P riiinalic 

ci^'SIrIs; Liiiially ^ranulfir+ Cleav.— Good paralkl to pri^m 
(l lO); a marked parting or cleavage Is sutin in liie varjet)' 
parallel to the orthopinacoid (100)^ a parting or 
striation parallel tq the basal pinacold (001) is often seen In 
the variety sahlite. CoroUR.— White, green, darkish green ; 
5 omet 3 inc& colourless, Lu&the.—V itreous j transparent to 
opaque. H.—5-^J. Sf* Gr, — 3-£:-3“3S. 

Oft, Profs.—[ n thin section, diopside Is colourless or 
faint greenish, shmrs the prismatic cleavage as two sets ol 
cracks intersecting at nearly 00* in transverse sections; re¬ 
fractive index and birefringence fairly high, 

^=l'6a0, 1’703,—pqlarisation coluurs pretty colours of 

2nd and 3rd ordera; eitinctiou-angle on dlnopinacoid (k^- 
angle between cleavage and the show vibratioq-clirection) is 
38-40': biaxial^ optic axial angle moderate (60*^^ optir^ky 
posiiive. 

VAHimes.—JlffiJacoh'tc is a translncent white, yellow, pak 
green or colourless variety; Snhliis has a more dingy green 
colour, less luslre and a coarser structure than normal diop- 
side; it often shows a striation parallel to the basal pina- 
coid^—the sahlitlc striation. C&ccoiits is a granular variety^ 
white or green in colour; ClEfOjne-dfofjide ia a bright green 
variety^ containing a few per cent- of Cr^Og : ^fufu/oife is a 
tluorlric-bearing diopside-hedenbergite : Dialiage, sec under 
augite- 

Occt^FHENCE.—Diopside occurs In various Igneous rocks, 
—litTic-enriched pegmatites and granites. In basic rocks> 
Etc. : extensively in metaoiorphosed impure calcareous rocks, 
such as the crystalline limestones of regional metamOrphic 
origin, and the calc-^ilicate-homfelses of contact metamOr¬ 
phic origin, 

EEDENBERGITE. 

Cqmf. — X lalciiijn iron metaslhcate, CaFe(Sj 30 ^), with 
varieties traDsitionai towards dlopside. 

Crvst. SYSt.—Monociinii:. Com. Form .—Crystals aitd 
lamellar masses. Colour.—B lack. Sr. Gr.—3‘7 

Opt* Hrops.^— fieneraJ characters as for diopside; refra*^- 
live indices higher than for diopside, t:+g. n=l'l30, 
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3=17^5, y = l‘757, varying- with the iron tortent; vstinc- 
Uon^ngle «□ the clinopinacoid, up to 48'. 

OccL!RREKCE.^-i lie tuost iTtiportaot tji’pc occUiTence of 
hcHcnherg-itc is as a skam-minerul (seep. 206J at the contacts 
of granitic rocks with limestonesi heing associated there 
with iron*-gamct and iron-Ores. 


NOK-SODIC HOXOCLl^JIC 


blACk in cahHir, OC^ 


OTHER NON^ALLIAILSOUS 
RlfROXE^fESv 

i^hctFpritfc—An irao-naAn(jimcSe pyrowtnct 
currutg A skam-niiflcrflt 

Jeffersqnltc —A mAngnnesc illiC pyrojEiu: occurring &l t rankhn 
Furiiaj:e, New Jersey [see pp. JSS, -Ri)- . 

Cliaoeiislatki! and PlgeonUe,— a ninnoclmic 
pyrenene with the Eutiiposiiion MgSiOj, is rare m na^e. PigEomvc 
IS intermediate bcLweeu ■clinoenilalile on thia ooe hand and diopsid^ 
htdaubeiiLte f»n the oUisr iltd baa ^ higU jVtg-cUJlhfUt ^ the dlftgnoHtiE- 
ebarracELr erf pEgennitc is the sbibII optic i-xial siigK ^plm 
being uniiiial, -pigecnilc Occurs in dfilerlte^ iind Otlier basii: igneous 
rocks. 

(b) Augite Series. 


AUGITE. 

Coiin.—SUicatc of calcium, magnesium, iron and 
aluminium, (Ca,Mg,Fe,Al),(Al,Si),0„; compo^don variable 
!ind transitions occur to other types of rnonodinic pyroxene, 

Crvst. Svst.— Monoclinic. Com. Form.— Crystals com¬ 
mon,—combinations of prism (llO], clinopinacoid (OiO), 
orthopinacoid (100) and positive liemipyramid (ill) as shown 
in Fig. 112; the prism angle is nearly Utl'; augile also occurs 
massive and coarsely, lamellar, sometimes granular or 
fibrous. Twjuhisc.—Crystals often twinned on the ortho- 
pinacoid, giving a marked re-entrant angle. C-i.bav,— Pris- 
TTiaiic cleavage good, giving two sets of cleavage-planes 
meeiing at an angle of nearly 00'; a cleavage or parting 
parallel to the orthopinacoid (iOOJ characterises the variety 
dndltige; parting or Ftriation parallel to (00i) seen in sitiiUl* 
types. Corel?BBlack aiitl greeniah-black. LusTBB.”~ 
Vitreous, tnclining to resinous; opaque. H. &-fj. Sf. Gb- 


-3-2-3-5. 

Opt. Pbops,—I n thin sections, crystals give eight-sided 
cross-sections and four-sided longitudinal sections, the 
former showing the prismatic cleavages, two sets nearly at 
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light arlg■]e5^ and the latter one set oitly (sec Ftg* 113); 
colour is colourless tq yellowish-brovvnj and some titan i- 
ferous varieties arc purplish; the more strongly coloured 
varieties arc feebly pleochrolcj body-coEour is sometimes 
arranged in zoned or hour-glass fashions; refractive indet 



Kic, JJ^_—SectiDria oE auglliij. shawiog 
clea vages j Ahove prlimAQi: sec- 
tiffikHj itansvent? section. 


much Idgher than that of balsam, for aogiie from RcnfrttVp 
Canada, i,= l'tiflS, ;S=t-7M. y = l57S3, and y-«=*025,— 
polarisation colours are nice briglit colours of 2nd and 3rd 
orders; extinction-angle on the clinopinacoid {)'.<!* angle 
between cleavage and slow vibratlon-directionl is 45-50'; 
biaxial, large optic axial angle, optically positive; transverse 
sections in convergent light do not yield a bisrctrlx^ a dis¬ 
tinction from orthorhombic pyroxenes ^ fpr distinction from 
hornblendey see p* S45- 

^'ARtEtY- DIuUage is a variety of diopside or augile 
w'hich in hand-spevi'irncn appears us InmelLQir or foliuceous 
masses, sometimes hbrpus, and usiiaily having a mciallic or 
brassy lustre; colour grass-greeny brown or grey, and the 
mineral Is translucent. The lameLEar structure is due to a 
parting parallel to the orthopmacoid (100), and other part¬ 
ings occur. Dialfage is characteristic of gabbroA, and the 
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parting- appears under the microscope as a series of fine 
paralltJ lines; often schillcr-ptates are seen} in generaJ 
optical properties> it resembles diopsido or augite. 

Ogcuhresce,—A ugltc dcccts as alion prismatic crystals 
in many volcatiic rocks^ andesites, basalts, etc.; and as 
crystals or plates in dyke and pLutonic rocks especially those 
of basic composition, g-abbro.s, doleritc, and in diorite, etc,; 
also in ultrabasic rocks such as pyroxenites and pcridoliies- 
Auglte also occurs in meiamorphit: rocks such as pyroxene- 
gneisseSt and in pyroxene-granulites and contact-aitcred 
Igneous rocks. 


(c) Alkali-Pyroxenis. 

ACMITE. vTGIKINE, .EGlRfTE, 

Cqmp»—S odium iron silicate, NaFc'^^(Si3^0j), usually with 
smaU amounts of Ca, Mg, and Al. 

Chvst. Syst.— Monoclinlc. Com. Form.— Long prismatic 
crystals with sharp terminatinns (ncmile), shorter prismatic 
crystals with blunt terminations fregirlne); also acicular or 
fibrous crystals, Cleav..^ Prisma tic (110) distinct; cleavage 
parallel lo dinopinacoid [OtO) less good. Cot-oun-—Usually 
brown, sometimes green. Lustre. —Vatreous; subtrans- 
parent to opaque. H.'—6-6"5 p Sp, Gr,—3-5-S'55. 

Opt. Props. —Cross-sections of crystals often six-^ided 
owing to absence of dinopinacoid, and then teserphle those 
of amphibole, but show the prismatic cteavages at nearly 
SO* [ refractive Indices for the e^irine of Langcsttudriordi 
Norway, arc ^=1^763^ ^ = i'7tl9+ y = i 813 t— higher than for 
aiigite and diopsidet birefringence strong; acmltt in section 
is coloured brownish-green and is markedly pleocbrole in 
shades of brown and brownLsh-green,^—^irine is green in 
5.ecllon, and plecJchmic in grass-green and yelEow-green 
tints; extinclion on the dinopinacoid, fast vibrationnJirec- 
tion to the cleavagCn is low, 2-^*: this low extlnctlou-angle 
and the strong pleochroism distinguish these soda-pyroxenes 
from other pyroxenes* 

OccirRRENCK.—^Tn soda-rich Igneous rocks such as nepbe- 
line->5yeniteS| phonolileSt 
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^EGIRINEALIGITE. .TIGIEITE-AUGITE. 

A scries transitioaal between au^Hc and segirirte, with 
intermediate characters. In thin stclidns^ shows a marked 
pleocfiroisni in shades of greeti and yellow^; esctinction on 
the clinopinacoid,'—fast vibration-direction to the cleavage 
—varies from a few degrees up to nearly 40* p depending on 
the proportions of Na and Fe'^'' presenL .irEgirlne-augiEn 
occurs in soda-rich igneous rocka, such as syonilcSi 
nephelJtte-sj'enites^ phqnolitesj etc^ 

JAI>E1TB. 

Comp.—S odium aluminium silicate, NaAl(SijO*). 

Crvst- Svst.— Moooclinie. Com. Form,—U sually mas¬ 
sive, Cleav.—P riamaticT giving two sets nearly at 00^ 
Colour .—Shades of green. Lusthe.—S ub vi tree ns [ trans- 
liicent. H.^ 5-7* Se. Gr.—3 3-3 35- 

OccL-HRBNtE.—h'lode of occiuTenoe not well known i“po5- 
sibly of metamorpbic origin j localities are Burrna^ Sooth 
China, Tibet, J^ew Zealand, Mexico. 

Use,—A s an Dmamental stone,—constituting one variety 
of jade; another variety of this highly printed material is the 
amphibale nephrite. 


The Amphibole FamIly¬ 
in troductioTU^The amphibole group^ like ihc pyroxenes, 
includes a numfx-r of inipurtant minerals whoso physical 
and chemical characters serve to Unk them together In one 
family. X-ray analysts has shown that they all possess the 
SijO^T double chain type qf structure (p. 142). 

In c^emural c(itt^posiiian they are analogous with the 
pyroxenes, and are sUkates of magnesium^ iron, calcium, 
sometimes sodium {rarely potassiumwith or without 
almninlum. Their composition is variable, but can be repre¬ 
sented by a formula of the type where 

X includes mainly Ca, Na, hig, Fe, Al and with traces 
of other elements {e.g. MnJ, Some part of the SI may be 
replaced by Hydroxyl (OH) is always present, to the 
extent of about one (OHl-group to every eleven oxygens ■ 
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fhe iiinph]boles CTystallise in tlie ortborbonibio, mono- 
clinic and tricllnic tr^'stal systems^ the prismatic angle of 
the errystals being nearly 120* ^ there Is a good ekavagc 
parallel to the prism (LID), (jF’ijf. T7). 

The elementary distinctions bet^veen the pyrosccnea and 
amphlbolcs^—two of the most widespread and abundant 
rock-forming silicates—arc given in the folbwing table;— 

1. Prism-aiiglie 97°, 

Clsa^age, at ST*, 
a. Sladed rearms uncnmmoiL 

4. CominoaTy nockpleocliroic, 

5. Coccpwn erystii^ terminstied by 
^ tWQ 

0. Twioa with r-e-^atx'Ejst angle. 

7, Orthjppiiiacpid preseat. 

S. T rmiisverse sectioEaT C* Pht-si ded. 
9>, ExtindJmq-oiiglc an tSu ctioo- 
pinflooidp ii»ut -tS'p 


AmpAtMfj. 

1. PriEin^ngle 331'+ 

2. ClBavages. at 124*^ 

a, Bladed fornas oamimqa. 

4 . ComnKinty plectctirDic^ 

5 , Cflmmon cryatols termiiiBlad 

by ibiEc bfoA. 

S. Thins with no re^iitrout 

oaglo. 

T. O ftliE^ macnid not prcScHL 

8 . Transverse wnhnna^ six-sidc[L 
Extinttion-onglfi an the ediao- 
pinatnid, about HJ", 


The Amphiboles may be dKadcd into gronps, aa shown 
below, that are In some respects analogous whk similar 
groups in the Pyroxenes :— 

L ORTHORHOMBIC AMlMIlBOLE. 

A nth ophyUite^ 5fgjSi^Og^(OH} j, 

IL MONOCUNIC AMPHIBOLES. 

(a) CiJHHr^GTOKiT^-GpuFERrTE Series. 

Camailngtoniftf, (MgjFe)ySii0^j(0f3)j^ 
Grun*iriU^ (Fe,Mg)^SIjOjj{OH)3, 

(b) Trewoltte-Actikoute Si£RIFS. 

TrEmoUU, CajMgjSi.Oa.{OH)j. 

AcHnoUU, Ca,(Mg.Fe)^^,0,,{OH)^. 

(c) HoFXBLhNOii Series^ 

H o rtthJende, { Ca ^ N Mg, F e, A 1} r..i( Al ^ S i J ^O 

(OH),. wilh varieties arisLng from substitu¬ 
tion among the cations {^.g- Fe'^^-yAlj. 


(d) 


Ajjcau Amphibolr Series. 
Arfvcdsonite, NaaMg^AlSi,033(0 


NajFe'fjFe^^'jSIjO,, (OH},. 
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[IL TRICUNIC AMPHiyOLi:, 

Cossvrlte^ an aluminiuixi stlu’Jilc of Na^ Fe, aiu3 

Ti‘ 

p 

■ -i 

L OrtkarliDiiibk AcnphiliQle. 
ANTttOPHYLLim 

Co,MP*—Ma^neshiiii imn silicate^ ^r- 

responding to Lhe cnstafite-hyper^thp.ne serjcs of pyroxmes. 

Crvst+ Svst.—O rthorhomljit. Clfav*—P erfect parallel 
to prism (liO). Com, Form.—U sually in ag^ri^tes of 
prismatk needles and in radiating^ fibres, Cot^QOP.'—Shades 
of brown. Lustre.—V ilreons; transparent to subtrans- 
luccnL H-—tp5-6^ Sr, Ge. —3-3-2+ incrdasing with iron 
content 

Opt. Props.—I n rock-alicest gives elonj^^ated prismatic 
sections, with positive elongation j perfect prismatic cleav¬ 
ages ifct 12 r In transverse sections; colourless, yel¬ 
lowish or greenish, pleocbroic; refractive indices for aotho- 
phyll'ite froin Kongsberg, Norway, jS=i'642, 

y=i 657; opticaJly positive for most examples^ the optically 
negaiivc variety being called gedrifc^ which contains mote 
iron and also aluminium; airaight extinction. 

Varietv. —is a varied of anthophyUtte-gedritc 
occurring as long fibres, and &o providing- one type of as¬ 
bestos (see p. 348}- 

OccuRRENCE*— As a constituent of certam metamnrphic 
rocks, usually derived from basic or ultmbasic igneous 
rocks,—anlhophyllitMchlsts and gneisses. 


II. moDOclrnic Amphilioles. 

(aj Crunch Series. 

CLMMINCTOyiTE- GRUNEfClTEL 
Comp.—M agnesium iron silicate, (Mg,Fe)ySi^Oj 2 ( 01 -J 
the relative properllon^ of magnesium and iron varying 
from about Mg: Fe^=T : 3 to all Fe; cnmriiiogtonitc has an 
k^Fg/b'e ratio greater tlmn 1, ^nutcriU has more Fe than 
Mg—and ranges up to all Fc, 
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CnvST. Sv?T.“Monoclinic* Com. Form.— -Usually fibrous 
or Imucltar. Cr.i-Av.—Perfect prismatic. Cdlour— 
Grevish-browo or brown. H.—5-^. Sr. Gtt.—3'2'3^5j in- 
<.TcafiTng' witb the iron content. 

Opt. Props,—I n thin ^ectionSr ^vcs elongated crystal 
sections j lozcng-fi'shaped transverse sections show^ amphibole 
deavages LntersectEng at about 55" ; pale coloured,—pleo- 
chrolc in pale yellow, green or broivn; refractive indices 
fairly high, Increasing wkK iron content, for a cumming- 
tonite, a=l'639, fl = i'647i y —1^664, and for a grunerite^ 
tt=?ti-677, y=l'7lT; birefringence strong, greater 

than that of ccHnmon hornblende; eictinctlnn^arigle on clino- 
pinacoidt—slow vibration-direction over to cleavage— is 
about 18* for cuiUrningtCHiiite and decreases to about 10“ in 
gninerlte; cunimEiigtonlte is optically positive, grunerite 
negative; laoiellar twinning commonly seen. 

OcctrBiiE?JCE+—As constituents of metamorphic rocks. 


(b) l^emolite-ActinoUte Series 
TREMOLITE- ACTINOLim 

Comp.—V arying from non-alaminouH calcium magnesium 
silicatCt Cii^Mg 4 Si„Ojj(OH)jj (ffgfmoh'fe), to calcium mag¬ 
nesium iron silicate^ Ca 3 (^Ig,Fe),^Si, 0 ^j( 0 H).p (nctmofrfe). 
X-ray onaHsis shows that the (OH) group eoEer^ Into the 
composition to the extent of one (OH) to every eleven 
oxygens. 

Crvst. Svst-—M onoclinic- CoM^ Fokh.^ — C rystals lotig^ 
slender or bladc-like prisms; also columnar, fibrous, radiat¬ 
ing, compact or granular. Gleav, — P erfect paraUd to the 
prism (IID), the cJeavage-aiigle being about 56*. Colouk, 
—^Tremolite is white or dark grey, aclinolite green. Lustre. 
—^^itreous, especially m actmobte; iransparent to trans¬ 
lucent. fl.—5-fi. Sp. Gr. — ^ 2’9-3'2, increasing ’ivith irbn 
content. 

Opt. Props.— In thin sections, give long bladed prismatic 
sections, and diaitiond-shaped cross-seclions, the latter show¬ 
ing the excellent prismatic cleavage at 5fi* ; tremdlite is 
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colourks^^ icilnclltt yellowish-grtt^np with pleoctjraism in 
shades of yellow and ^een; refracLive indeis incrtases with 
Iron ootitcnt, for Eremolite, 1-590, ;S~1 61^, y = l 625, for 
actinolite er^i eSS, i3?5l644, birefringence fairly 

strong:, polarisation cotours of 2nd order ; extinction-angle 
on the clinopEnacojd is 15-18* i biaxialj, optjcaDy negative^ 

VABitTiES.—see immediatcty below; is 

one ol the varieties of Jadt? [stc aiid consists of very- 

compact minnte fibres of tremolite or actinolite, the former 
giving whitish varietiesp the latter gTecn i UrnliU is ad 
actinolitic amphibole \uhich has replaced a pyroxene crystal. 
retaining the pyroxene shape but showing amphttaolc 
cteavages. 

OcciJRkRNcE,—Tremolite and actinolite occtir in ractamor- 
phie rocks of diverse kinds; Tremolite occurs In impure 
crysEailine riifiestoncsp atid in calcHsIlicate-homfelseSt f-P’ 
oontacl-metaniorphosed Impure calcareous rocksj and also 
in metamorphosed ultrabasic and basic rocks, such as ser¬ 
pentines and greenstones; is a. common meta- 

morpbic mioerkl arising by the melatnorphism of pyroxene* 
and hornblendes and so occurring in the derivativEs of basic 
and ultrabaslc igneous rocks such as actlnolito-schlsts and 
greenstones. 

ASBESTOS. 

Mineraloglcaliyp asbestos includes the fibrous forms of 
amphibole^ tlte fibres are generally very fincp flexible^ 

and easily separated by the fingers; the colour varies from 
white to greenish and brownish. The ancients called similar 
materuil ani/unthif^, undefiled, in allusion to the c;ise with 
vfhich cloth woven from it was cleaned by throwing into the 
(ire,—the name amianthus is now restricted to the more silky 
kinds. Moantairj Corkt Mountain LEath^r and Mountam 
ITuod are varieties of asbestos which vary in compactness 
and in the matting of their fibres* The terra asbestos in the 
Strictest flense la confined to the fibrous forms of actmolttep 
but the asbestos of commerce includes fibrous varieties of a 
number of silicates which are now considered- 
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Ciifkiifiierciil Aibuto*. 

Under the term coramefcial asbestos are induded the fol¬ 
lowing fibrous minerals:— 

ChrysoiHef fibrous serpentine (see p. 410)* 

Actinolite^ asbestos proper, 

.•}mosfU, fibrous anthophjiljte* and dnthofhyUite (see 

p. ^0). 

CrocidoHie, n fibrous soda-ampbibolc (see p, 352}. 

All these minerals occur m long fibrous crystals. The com- 
znexdaL value of the Dilneral depends almost wholly cm its 
property of being spilfip and good asbestos yields long silky 
fibres when rubbed between the fingers^ The heai-resistlng 
value of all the mineral varieties is about the same; chry^ 
tile is of most general uscn though certain other forms^ 
e.g. crocidolite and aiiiositc, arc sometimes preferred for 
their acid-resisting qualities. Chrysoiile is decomposed hy 
hydrochloric acldj the other asbestos minerals arc not* 

The usefulness of asbestos depends upon its resistance 
to hcilt and its property of being spun Into yam. The better 
grades^ those with long fibres, are woven into fire-proof 
Fabrics and arc also used for brake-linings; shorter fibres 
are Utilised in the manufacture of asbestos sheets^ boardSj 
roofing tiles, felt, of boiler-coveringSH fire-proof paints, in¬ 
sulating cements, etc. 

Aabestqs, in the commercial sense, occurs in three chief 
ways,—as ** cross-fibre when the fibres are at right 
angles to tlie vein-walls, as slip-fibre " when the fibres are 
parallel wdth the walls and are formed along planes of 
movement, and " mass-fibre ** when the material occurs in 
confused groupings as in anlhophylllte t>"pe3p The chief 
producers of commercial asbestos are Canada, Russia, 
Southern Rhodesia and Unrnn of South Afrka. 

Further details of the various minerals comprising com¬ 
mercial asbestos are given under their respective descrip¬ 
tions. 

HORNBLENDE, 

Coar.—Slllcaie of aluminium» calcium, magnesium and 
iron, with sodium; variable composition represented by the 
formula (Ca,Mg,Fe,Na,Al)y_j(AI,Sl)jO3^[0H),, in which At 
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replaces &dttic part of the and the propordon^ of metal 
atoms in the hr^l bracket may vary within the limits indi¬ 
cated r a toial number of atoms not exceeding four to 
every eleven oxyg^ens; (OH) Is an essendal constituent. 

CkVST. Syst. —Monocimic. Com. Fobm.—C rystals com¬ 
mon, prkmatk in habit, being combmatlaas of prkm (110}!i 
clinopinacoifl (OlO), dinodome ((dif and hemi-orthodonne 
(lOlJ as sketched in Fig. 114 {In tiiL<5 GgnrCi the clinopina- 
coiti ih on the right)—note the three terminal faces; the 
angle of the prkm Is 55*; also occtirs in long bladc-Uke 



blende. I-'ie, i;&.—Sec-ttons at hafableatk, 

iliowingt cleiw'agcs i above pria- 
matic sections, bdaw trjmsvrrje 
aeci-ion. 

forms, or missive or granular. Twtptnikg.^—T win-plaae the 
□rthoplnaizoid {10(1), usually simple; this twinning causes, 
as it were, the four dinodomc faces to come to the top and 
the two heml-orthodoTne faces to be at the bottom of the 
crystal and hence these twins, though showing no re¬ 
entrant angle* can be readily recognised- Cleav.—P erfect 
parafLel to the prism (liO) producing two sets of cleavage- 
planes meeting at nearly CououR.—Blacky or 

greenish-black. Lustre. —v^itrtous ; transparent rarely ; 
translucent to opaque. Fract.— Uneven. H. — 5-6. Sp. 
Ha,-3-3 47. 
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Opr. PtiOPS. — In tllirt scctbos, gives sii-sided transvcrst 
sections* sbowiny two sets of cleavages meeting at nearly 
120 " and longitudinal sect ions show ing one set of cleavage- 
lines (see 1.15); colour in tbJn section* shades of 

yellow^ green Or brown; markedly pleochroic in these 
shades*—tlie %^anety basnlitc homhUnde usually shows pleo- 
cbm ism all in brown tints; refractive indices fairly highp 
e.g. for pargasite from Pargas^ ff=l-016i y = 

and common hornblende from KragerOp 
3— I &42* y=l'653; birefringence fairly strong, giving 2nd 
order colours ; extinction on the clinopinaooidi — slow vibra¬ 
tion-direction over to cleavage^—b 18* to 20*; usually 
optically negative. 

TESrs. —Physical properties distinctive; heated before the 
blow-pipt\ fuses easily^ forming a magnetic globule. 

VABiETiES.—EdiSnite is a light^lourcd hombtciide poor 
tn Imn 1 Parga^He is a dark-green or bluish-green variety; 
BtisaUic Hornblende Is a brown or black variety * containing 
titanium and sodiump occurring in basic igneous rocks rich 
in iron; it is plcochroic in shades of browti* 

Occurrelnce.—H ornblende occurs as a primary mineral 
in acid and Intenocdiate Igneotua rocks,—granites, syenilcSp 
dioriies, —more rarely in basic rocks, and sometimes 
in ultrabasic rocks,Hiomblendite; common in metamorphic 
rocks derived from igneous rocks^ — as in the hornblencie- 
gneisses, homblendc-schists and atnpblbontes. 

(d) Alkali Amphiboles. 

GLAUCOPHANE. 

Silicate of sodium, magnesium, iron, and alumi¬ 
nium , K .Mg, Fe) j [A!, Fe'^^Sip^ (O H)« 

Chvst. Svst.—M onoclmic, Com, Form, — P rismatic 
crystals; usually In Elhrous^ massive or granular forms. 
Cleav,—P erfect prismatic. CoixiUR- — Blue, bluish-black, 
bluish-grey. Lustre.—\ ltreouii; translucent, H. — 6-6 5. 
Sn. Ghk — 

Opt. Props. — In thin sectlont strongly pleochroic in blue, 
violet, ye!Sow-green tints; extinction on the clinopiDacoId 
Jow, about b*; optically negative. 

Occurrence .—In metamorphic rocks* e.g. glaucophane- 
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scTiists, produced by tbe it]etjlmorphism of sod^-rEoh igneoMs 
focks^ and as a consEitneot df metannorplilc rocks of sedl- 
aientary ofigm aiso. 

RIEBECRITE. 

Comp,—E ssential]v h s^ndium iron silicate^ with a formula 
of the type. Na 4 "e'^/Fe"^St ,0 

Cryst. Syst,—M onoclink. Com. Form. — Pnsmatic 
crystals, radiatiing' tufts and ratbnr shapeless ag^grofifate&K 
Cleav-—P erfect prismatic- Colqoh.—B lue or nearly blacks 
I.OSTRK,—Vltonnis, H, — h. Sp, Gh.— 

Opt. Props*—U sually appears as 5imall shapeless ag^gre- 
gates of needles^ etc, ■ strongly pleCKhroio in deep bine to 
green, — ^the body-colour of ten exceedingly strong, the 
mineral being almost opaque in some sections; refractive 
index high^ birefringence low, but polarisation colours are 
usually masked by the bcKlyncolour j extinction on clinon 
pmacoid very low, only a few degrees, 

VARiffTiEs . — CrotidoUte is probably a variety of riebeckitct 
indigo-blue in colonr and fibrous in struemre, and formlfig 
one of die varieties of commercial Asbestos [see above, p. 
349}j found in Griqualaud, Soutli Africa, and elsewhere; by 
alteration it assumes a gpldcn-yetSowish brown colour, arid+ 
when infiltrated with silica, constitutes the Cal*s Eyi or 
Tiger's Eye used for ornaments j Crossite is a soda- 
amphlbole intermediate between glaucophanc and riebeckile- 

OccuRHESCE.— As a constituent of acid igneous rocks 
rich in soda, ricbeckite-granltet rkbeckile-granophyre, etc 
ArfvedsDnlte. 

Cuuj.—StMlium magoEidtiiii alummiuiii silicate. 

Cetst, Stst.—M anoclinic, Cfiar. FoieH.'—Elougaicd prisinatit 
crystals^ often in aggregates. Cleav,—P tfCcdt prismatk. Colqui. 
—Black- LtrsTRTS.—VittcniiS j opaque. H,— 6 , Sp. Gb,— 3 ’ 45 . 

OfT, PiQr$, — In thin seciioa, sironcly plenchiok m blwe and yal- 
Idw- 

VaBJETIE^.— and are naare bask vat i sties 

□f arfiredsanitfl, -witb brownish tints *mcn]g their pkochroic scliemes- 

OccinSEXrt.’—Aa cnnatitiianta of igneous twlia tidb in such 

U EKpVieli nc-tyeni lea and related pegmAtites. 

Til. Tridlnle Amptiibul^ 

CnaHytito, ^nlppadte, is a tilknir oT iroPt dtaninin and 
■□diuQi vith aJumiDiutn alto; It Dccuri as blacik, iricUak cryatali ip 
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tbE sodttrricli tf4Cliyti» <p»JilHl 3 afi!«) of Pantdlari* ID the Ueditar- 
raneafl. »Rd in siimJai- roeta in East Africa; imdsf the iDiciDKcpa it 
antwara as amall brown intensely plewbioic sociicnii though uauallT 
r^idered with the amphibtilrt, cosayrits shews i[np<5ttaJ!t struchuai 

diffcfexy;«a fram tbis ^iwipr 

The IVOca Family- 

introdnction — Micas are distinefuisticd by a perfecl 
basal cJeavaife* which causes them to split up into thin 
clastic plates, and by iheii' splcfideut peaf^yi sonievvhnt 
metallic, lustre. They all cry stallise In the monodinic sys¬ 
tem, but the forms approximate to those of the hexagonal 
system. They possess the Si^O„-&beet structure {sec p. i43L 
and the perfect cleavage takes place paralld to the 
sheets, 

Tn cotnpHJsidem the micas are silicates of alunuoiiim and 
poiasBium, together with magnesium and iron in the dark 
varieties sueJj as biotitcj some vnrieties oontain sodiunit 
lithium, or liuniuni, Hydro?cyl is always present, and Is 
commonly replaced in part by duorine- 

When a blunt steel punch is placed on a cleaved plate of 
mica and lightly struck, a small sIx-rayed star^ the pitt^s- 
jion-/?giirep Is produced- The three cracks which constitute 
these stars have a constant relation to the form of the 
crystal from vfhich the plate is cleaved, and one of the 
cracks Is always in the direction of the plane of symmetry^ 
Cleavage-plates of micas give a biaxial Interference figure 
in convergent polarised light, and, by the orientation of tbis 
figure with regard to the plane of symmetry, as revealed by 
the percussloTi-figure, micas may be divided into two groups. 
In the first of these groups, the a straight 

line joining the eyes of the mterfercuce figure {that is. the 
trace of the optic ascial plane, sec p- iSl] Is jjerpendicular Id 
the plane of symmetry^ and in the second group, the 
BioHiei," this line lies in the plane of symmetry. Hence 
the folIowlDg classification is possible!— 

(a) Ttm Muscovites.'' 

- Miifcovife,—potassium mica, while mica- 
Para go Rite*—sodium mka. 

lithium potassium mica. 
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(b) The Biotttes.** 

Biotite , — rirpn magnesium niica^ black miea. 
ma^QesIuTn mica. 

ZiTinwaldit^ ,—l it hi um bioGte. 

7'he specific gravity of the micas rang;es from 2'T to 3-1^ 
and the average hardness Is 2’5i 

The micas differ from the chlorites and other micaceous 
TnincraJs in (t1 their mntent of alkabes, (3) the eJastkity of 
their ckava^e-fiakes, and (3) certain optical properties men- 
tJoned below^ 

Muscovite anrl pblog^opite arc of considerable Industrifli 
importarice, especially In the electrical Industry. 

MlISCGYITE, ComaiQn Mica, PdtflLfLh Mica, Muscovy Giasst 
CusdP .—Silicate of ulu minium and potassium^ with 
hydroxyl and (luDrine, KAla(AiSi^)0„(01l,F)3* A1 is sub* 
stituted for Si tn the [Si^O^J-group to Ehc extent of about 
one atotn in four. 

CaysT. Svet. — M ono- 
clinicp pseudo-hexagonal. 
CoMp FrutH-“-Six-5ided 
tabular crystals | large 
plates t massive, or in 
disseminated scales^ 
Cleav. —Perfect parallel 
to the basal pinacoidi 
large and very thin 
laminae being easily 
stiipifrated ; these laniime 
are flexible and elastic 
(c/>. chlorite, p* 35S) ; 
when held up to a bright 
light these taminm may 
exiilhit ajferijfn, startike 
rays of light being 
transTnitted. Colour,— 
White ^ blacky brown, yeDow or green. Lustre, — More or 
less pearly; transparent to translucent. H.—2-2-b^ Sp. Gb. 



Lje, llti.—MiesLs in thta ^tinn % 
abdvs 6ialrU, below mfr-tceviia. 
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Opt. p£OPS-—^In thin sectiaTi5^ muacDvitcr appc^s 
5hapc!e£&ptatt±£i or tkjng:aleti laths+ die vertical sectlous show¬ 
ing the perfect basal cleavage (see 116* lower part); 

colourless; the refractive indices average about i=l‘b60, 
l'59Cj, 1-600,-—note that the lowest indcjt is not much 

higher dian tliat of balsam whereas the other two are con¬ 
siderably higher; birefringence strong, the polarisation 
colours for most sections being of high orderSn giving deli¬ 
cate pinks and greens,—^notc, however^ that basal sections, 
containing ^ and y, sliow very low polarisation colours, a& 
may be seen in flakes of dctrital muscovite occurring in 
sediments; cleavage-flakes,, or sections showing no cleavage 
and giving very low polarisadon coloursi yield a biaxial 
interference figure, with modctate-stztd optic axial angle, 
optically negative. * 

Tests. —Before the blowpipe, muscovite whitens and 
fuses only on thin edges; not decomposed by acids; yields 
water when heated in the closed tuhe^ 

Varieties. —5enriie^ Damourite^ GUbertite are secondary 
micas resulting in many cases from tlie aiteration of 
Qumcrous rock-forming minerals, such as felspar, andalu- 
sitCp etc, ; these varieties occur a^ fine scales or fibres^ 

Occur RENXE.—Muscovite occurs as an origiiial con¬ 
stituent of add Igneous rocks, such ns granite and pegma¬ 
tite. Workable quantities of muscovite occur in targe plates 
in pegmatites, the chief producers being India, Russia, the 
United States and Canada,—^but most of the mica produced 
in Canada Ls phlogopite, for which see below, p. 357+ Mus¬ 
covite Is a common constituoat of metamorphic rocks^— 
gneisses and mica-schists. The secondary mic^s occur in 
tgneous and metamorphJe rocks as alteration products of 
felsparsp topaz, andalusite^ etc. Muscovite is a very com- 
moQ constituent of detrital sedimentary rocks,^—micaceous 
sandstones, clays, etc. 

UsEs^—Muscovite used to be used to cover Ian thorns, 
and for lamp chimneys, etc+, and some is still used for the 
Windows of oil-stovesp etc. Mica in general is of great Im¬ 
portance in the electrical industry for insulating purposes in 
electrical apparatus,—for this purpose it is indispensable; 
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the tflica used is eithtr sheet or hujlt-up," that is^ sheets 
cemeuied together by synthetic resins to form blocks^ etc-r 
that can be easily worked in(o the required shape. Ground¬ 
up mica 1s empSoyed on a large scale in the production of 
rciofing material where it is used to prevent the products 
sticking lo one another^ and it is also used in the maniifac^ 
ture of lubricants^ wab-bnishes artificial stone, rubber tyrefi, 
and to give a gloss to wahpaper; pow^dered mica is used 
to give the " frost effect on Christmas cards and for 
Christmas-tree *' snow."' 

Paraennitet Sodiiini Mica- 

Coup,—SO icate of aliaeinium aad apdium wiQi 
N^aAlj[AISij)Oj^{OK}jj correaponiJing to musco-Tite, 

CaAAACTXis Ajn> OcetTEKEsex.—A yfiltewish or greennuca 
flcmbling mtucovUe in gfiu&ril pr^riies^ and oocLLTEtjjg in rn 

oertatn meiBunorpbic rocia associated witli garncEt lijanite fl-tid 
sEaufQllte. 

LEPIDOUTE* Liibimn Mica. 

Comp.—A silicate of aluminium, potassiuiri and iithium^ 
with hydroxyl and fluorine^ KLi^Al(Si 40 i^,)( 0 H,F)a. 

Cpvst, Syst.—M onoclinic. Coat. Form.—O ccurs in 
forms like those of niuscovite, but mostly in masses com¬ 
posed of small scales or granules. Cleav. — P erfect basah 
as in muscovite. Coljqus.- — R ose-red, lilac, violet-gteyt 
sometimes white. Lustkr.—^P early j translucent. H*— '2 5- 
4. Sp. Gr.— s-s^^g* 

Tests « — Heated before the blow^plpe gives red litbiuni 
flamed usually gives reaction for fluorine. 

Occurrence,—O ccurs in pegmatites, associated 

tourmaline, topaz, and other mineral of pneumatplytic 
origin, as in the Eastern United States, Elba, Madagascar, 
etc.; it occurs as a gangue-mineral of tin veins at Zinnwald, 
Saxony. 

BIOTITE* 

Comp. —Silicate of magnesium, iron, aluminiun] and 
potasshirn, with hydroxyl and Huodne, K:(Mg,Fe),(AlSij) 
0,,{OH.F) j* Iron replaces magnesium to a variable extenl. 

Grvst* Svst. — M onodlnic, pseudo-hexagonal. Com- 

Form* —Six-sided prismatic crystals usually broad and 
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tabular parallel to the basal pmacpid. Cleav.—P erfect basal 
Affording extreinely thin flexible and elastic laminse^ GoLoua, 
—Black or dark green in thick crystals> while by transmUted 
light thin la mi nee appear brown-green or bk>od-rcd. Lubthe. 
—SplendentK and on the cleavage more or less pearly; trans- 
parent lo opaque. H.—2-5-3, Sp. Ge.—2'7“3'1. 

Orr. Phops.^—I n thin sections^ biotite appears as plates 
or Iflthsp the perfect basal cleavage being shown in suitable 
sections {see Fig, 116^ upper part^ p, 354) ; colouredi and 
strongly picochroic in brox^^n, reddish-broiivn and yellow^ the 
m axi mum absorption occurring when the cleavages are 
paralld with the short diagonal □£ the polariser; refractive 
indices higher than that of balsam, e.g .—2 = i‘oS4, ^ = i 048, 
y=i'648T birefringence for vertica] sections strong, but 
polarisation colours often masked by the strong body- 
colour; basal sections show little plrochroisiTii arc almost iso* 
tropic and yield a negative almost uniaxial interference 
figure; often alters into chlorite. 

Tests. —Healed with fluxes, given a strong iron reaction ; 
decomposes In strong sulphuric acid^ leaving a residue of 
siliceous scales. 

VARiETtES .—Haughtamte and are varieites 

□f biotite rich in iron. 

OccCREExcE.^—Occurs as an original constituent of 
igneous rocks of all kinds,—gumileSp diorlteSt gabbros, ett-j 
and thdr dyke and volcanic represcnlalives j it jx^uts 
abundantly as a mineral of metamorphic origin in biotite- 
gneisses and biotitc-sehists and in contact-altered clayey 
rocks ^ bInt3te-hornfeS^ses+ 

thlogopitr 

Comp. —Silicate of aJuminium, magnesium arid potassium 
with hydro?(yl and Guorine, Kivrgj[AISi 5 lOj,,(OH^F) 3 , 

CsYSTp Syst+—M onodinre. Com. Form -Six-sided pris¬ 
matic crystals common ; also in scales. Gleav.^—P erfect 
paraUel to the basal pinacold, giving thin tough and elastic 
laminae; asterlsm is often shown^ Colour.— White, 
colourless, brown, copper-red. Lustre. —Pearly^ often sub- 
metallic on cleavage-planes. H.—2 5-3. Se. Gb.^2 78- 
£ 85 . 
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Opt. Props*—I n thin sections appears as Hakes or laihs^ 
with perfect basal cleavage in suitable secdons; usuany not 
deeply coloured^ and pleodirolc from colourless to pale 
yellows or browns; refractive indices and bircfrijigence as 
for other micas; in convergent light, cieavage-flakes or basal 
sections give an interference figure w'ith varying optic axial 
angle, sometunes as much as 50'* 

OcciTHRENCE.—PhlogopUc (5 a mlntiral resulting from the 
dedoiomitisation of an Impure dolomite and is rlierefore 
found embedded in cry'&talline limestones w^here it js asso¬ 
ciated with forsterite, diopslde^ etc*| it is found also in 
igneous rocks rich in magnesia, but Is not common in this 
association. Phlogopite is ex tensive iy worked in Ontario 
from pockety deposits chocuiring In crystalline limestone 
which IS tn^radeeJ by intrusions of pyroxenite. 

Uses,—S ee under muscovite, 

ZlnawalditE. 

ZinciwalilitB is a miu wbose compasiti^n ij Tifee lhai at bfotLie bl4t 
which conLAiiis lithjinn In addctinii. ll is vitilfiL, pi^le >*^0^ nt brown 
ia eolani!^ and dtcuis in mixlLfimtiDns qf t]i& Ei-Onw^d, Erf^ebirEc, 
graaile, aasodated wilh tinstaiif, sjid Iti CornwnU and 
wbere^ aed is ef pneumarcilytic nn^n. 

The Chlorite Family, 

Introduction.. — Under the general name of “ chlorite 
are included many allied minerals which are related id conv 
position to the micas, but which coutajn no alknlies* They 
have the Si^O^j-shect structure {p. and in general may 
be considered as hydrous siliciiiLes of alimilnium, iron and 
ruagncsiiiin. Vaneties depend on tlie proportions of Iron 
and magnesium. 

The chlorites arc mon□clinic, and sgitie members arc 
pseudo-hexagonal. They ate gtccn in colonr., from which 
fact they derive their name. The chlorites have 3 perfetit 
basal cleavage, giving Hakes which are flexible but not 
elastic {c/. mica]. They are very soft, their hardness 
averaging about 2 ^ 

Numerous species of chlorite have been described^ but 
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ftw are sufficiently w^eU-dcEned to be described here. 
Among the vawseties are i — 

ClinochioTe, a. cblonle ocarurriag in. rnDnoclinic tabular 
crj^stals cilstinctly biaxial, and optically posith^e, 
Penninife, a chlorite occurring ia pseudo-hexagonal 
crystals^ but really monoclbicj gives an almost 
uniaxial Inter fere nee-figure^ optically positive or 
negative. 

and RipidaUte Typer occur in tnhular, 
radialLig and granular forms. Vermiculite con¬ 
tains layers of rnolccular watei:' between the chlorite 
layers.. 

CHLOEtlTE. 

CoMf. — Hydrous silica!e of aluminium, iron and mag- 
nesiunif approximately (Mg5pc)jAl{AlSiJOi^,(OH]j* 

Cbvst+ Stst-^— Monoclinic; forms are at times pseudo- 
bexagonal. Com. Form.— Tn tabular crystals; commonest 
[n granular niasseSt disseminated scales and follffi In meta- 
mo rphic rocks; frequently encrusting; also in forms with a 
compact radiating structure, Ccsav,^— Perfect parallel to 
the basal pinarold, giving fieKible^ but not clastic, flakes> 
CorouR.—(ireen of various shades* Lu stile. —Rather 

pearly; suhtranslucent to opaque. Feel. —Peels very 

slightly greasy w^hen granular or m scalesF H*—1 5-S’5; 

scratclicd by finger-nail. Se* Ga.—2'65-2 !&4- 
Opt. Props.—I n thin section, chlorile ap[;>ears either as 
radiating aggregates fdling cavities, as an alteration pro¬ 
duct of minerals such as hiotite, hornhicndcj etc,, or as 
\malt irregular Hakes and laths; deavage usually seen; 
faintly to moderately pleochroic in shades of green and yel¬ 
low; lamellar twinning frequent; refractive Indices moder- 
atCi e.g. ^=1*56-1'60; birefringence very — polarisation 

colours usually abnormaJ, ultra-blues and ultra-browns (see 
p. 174); biaxial positive [cU*iQchhrs], uniaxial positive or 
negative (permrnttit). 

Tejsts.—D istinguished by colour and physical properties; 
heated in dosed tube gives water; fuses with difficulty on 
thill edges. 


34 


IjiLiLitKNIS OF MINERALOGY 


360 

Occi/ltkENcii.— In igneous rncks^ chlorite is a secondary 
inlneral resuUii^ from (.he alteration of blotite, homblfudep 
etc. ; as a fining in amygdales; abundant as a (nlaerai oi 
inctamorpliic origin iiii rocks Irotb of sedimentary and 
igneous parent age j~chlorite-phy3 litesp chlori tu-schLStSi etc* 


The Felspar (Feldspar) Family. 

Ititraduction* —Ttie tc]spars are the mo&i important 
group of the rock-formitig minerals. They are the dominant 
or important components of most igneous rocks, and they 
are employed m ihe classification of such rocks. They arc 
aluminous silicates of potassium, sodLum, calcium or barium, 
and may be considered as isoioDrphDus mixtures of the four 
substances listed below, the first three of these being of tSie 
greatest importance, whilst the fourth is rare. These are : — 

1. OrthoclasE (Or}; potassium aluminium stlicatei 
ICAJSi^O^. 

2, /JJfir'te (Ab); fiodium alLimlriium silicate^ hlaAlSi^O^. 

a. AtioHhitv (.An); calcium aluminium silicate, 

CaAljSijO^, 

jfc. Cvhutn (Ce): barium aluminium sUIcatet BaALSl^Of 

i he atomic structure of the felspars is of the 3-dLmcn- 
siunal framework type (see p. 144). Replacenient of part 
ql the silicon by aluminium occurs in all the felspars, and the 
alkali metal Lons (Na, etc.) arc held in spaces in the 
frameworks. Isomorphous snbstitutioti of One kind of 
alkali metal for another gives rise lo the varieties of felspar. 
Thus, when Na replacies some of the K in orthodase, the 
variety spdc-orthodrt^Er is formed; replacement of some K 
by Ba (an Lon of simUar size to that of K) gives hyatophum^. 
intermediate behveen orthodase and celsian. The f’/agiu- 
dflje JBHFj consists of mixtures of albite and anorthite in 
all pnoportiotis; expressed in another way, the replacement 
NaSi-T^CaAl results in a complete gradation belwccn the 
two end members of the ptagioclases.. For the purposes of 
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rkscription the fetspar^ iis n whole•riiay be divided Into the 
Iollowing- groups :~ 

PDTASH-FELSPAflS BARIUM- FELSPARS 

1 CWt*4«n.Abt -- >tt ALPPMAh E^— 

iiiicnoc<LiHE 


5DDA 

IKjDA P4H:I^0C4.I‘^<[. U<1 AhOll t HDCL^^E 


N-ll fi%JC«>CJ.AS£ AnDErufJ LAaftAflOfTITE^—fl'^T-Q-WMiTE—AJ^TN iJTE 

EDE>^FELEP^R LFME-^Lll^^n 

S-----^ 

THH PLAGIOGLASE FELSPARS 

The following genenll characters of the Felspars may he 
noted. Their l:o^O£t^ is whitish^ greyish or pale shades of 
red. Their hnrdtiess U about 6 and their specific grauity 
ranges from 2'S lo over 3- With regard to their crysialUsa- 
Hcn^ Drthoclasc, hy;ilophaue, celsian aod soda-orthodase 
crystallise ip the mancxirmjc system, and micracline^ soda- 
microciine and the albite-anorthite scries 1ti the trielinic 
sy^slctu* The crystals of the different varieties are hke one 
another in hnhh^ —prism, side^pinacoid and basal pinacold 
faces being dominant. Felspars have two principal cteau^ 
ageSt in the monDcnpic system parallel to the basal pina- 
coid and the clinopinacoidf in the tridinic system parallel 
to the basal pinacoid and the brachypinacoid; that Is, there 
are two cleavages at right angles, or nearly at rlghi angles. 
TwimiiTig Is In general simple in otthoclase* and repeated in 
the pfagioclases. The alkali-felspars allBr commonly intn 
scricitic mica, and, under certain circumstances, into kaolin; 
the lime-felspars alter lato sanssuxite^ a mixture of alblte^ 
cpidote, etc. With regard to their orcTirr^ricr tii igneous 
roefejp the alkall-feLspars characterise the more acid rocks, 
the lime-felspars the more basic rocks* 

CEI^IAN. 

Comp.—B ariom aluminium sihatte, BaALSi^O^; compare 
the composition of anortbite. 











ELEMESilS OF MINEJLAJ,OGy 


i6a 

CftYST. Svst.—Monoclinic- CoM^ Form-’— in cryalal^: 
usLially fflfissivti. Twi.sklng.—A s for orthoclaso. Cleav,— 
As for orthoclase. CoLora,—llsually coburlefts. H.—0- 
0'5. Sp. Gr,—3 37- 

OccuHa£:sCfi.—CebUn is not a coTninon felspar; it occurs 
in doloiaiitic limestone at Jakobsberg, Sweden^ and elsewhere. 
EYALorHAX^ 

Comp. —Silioate of alimiijiinEnk barium and pota^aitim, 
Intermediate between orthodabej FL:V!SiaQ^ and ccLsran» 
BaxAI.SiaO^, wlih K In excess of Ba. 

Ctjaracters akd OctiOKRENca.'—Hyalopiiane is a rare 
mineral; it is like orthoclase^ and espeeially the adutaria 
variety of thk^ in physical properties; it occurs in dolomite 
in the Binncntah Switzerland, and at JakDb5herg‘+ Sweden. 
DRTHOCLASE. 

—Potassium alnminium silieatEf Kx\lSla0^p Ln some 
varieties there is a small aomunt of substitution of ?Ca for K, 
and the^e provide a traosiliod towards soda-orthoclase^ 
mentioned below- 

Crvst. Syst,*— MononlLnjc^ Cqm. Form.— Crystals are 
corpmon, prlsmatioin hablt^ and made up cf the prism (llOJi 
clinopmacoid (010), basal plane (001) and often hemi^rtho- 
domes such as (50t) and fi01\ ns sbowo in Fig. 01^ p, !17; 
crystals are sniiietimes fattened parallel to the eJinoptna- 
cold; m the variety adnlnfin the cllnopinacoid is usually 
lacking:; orthoclase also occurs massive^ or with a roughly 
lamellar or granular structrure, Twimikg.—T winning is 
common on three laws, (1) Garljh^if Ijite, the commonest, 
with twlo-plane the orthopinacoid (10^3) and compositiori- 
plant the cfinopiTiacoid (010), {2) Bouefio fna'rr^ with the 
twin-plane and tomposition-plane the cllnodome (021and 
(3) AfaReboc^i Lnw^ with the twin-plane and composition- 
plane the basal pinacoid (001),—these three types of twins 
are figured and described iXiFig.fH and pp. 125,126- Cijjav, 
—Perfect parallel to the basal pirtacojd (ODl), and slightly less 
good parallel to the dlooptnacoid (010), thus giving in some 
sections two sets of cleavagc-Hnes at right angles* Colour h 
—W hile, red dish-white, red* flesh-coloured, various shades 
of grey and greenisb-grey; also colourless. Lu9TMe.— 


THE DESCRIPTION OF MINERALS 363 

Vitreous to pearly on cleavage; semitransparent to LnanS' 
lucent I Or Opaque. FRACTr—Conchoidal to uneven 01 
splintery. H.—6. Sp- Gr.—257, 

On:. Props -—Orthoclase occurs in rectangular sections» 
or as shapeless grams in rock-slices; It is usually colour¬ 
less. but often cloudy ouHing to alteraluDn; the rectangular 
cleavages are not often seen, except possibly at tbc ct%es of 
the slice; the refractive indices are a=^i/518, S=i'534i 
y = 1-530, so that al[ ?irc lower than those of Canada bdlsatn 
or quartz; the birefrfngence is low^ ^^31ght|y lower than that 
of quartz; so that polarisation colours are usually greys of the 
First Order; twinning is; always? BimplCr the Carlsbad twins 
being most common, and she ^ape of tlic tyPo halx^e*^ of the 
twins depending an the la\.v of twinning followed, as can 
l>e deduced by studying F/g. p. 120, and F/g, i 19, Iciti 
p- 371; orihrxThrbiC is biaxial, optically neg^itlve; in ihin sec¬ 
tion it j& dLstlnguisbed fron; quarts by its lower refractive 
index, type of twinning and negative sign; aIbitc is positive^ 

Tests,—O rthoclase is distinguished from plagiocla^e In 
Eht hand-=;pecLmen by the al>scnce of ^triatlons due tn lamel¬ 
lar twinning, which are seen on the basal pJane in plagio- 
clase; orthoclase fuses only on the edges of thin spHnters; 
heated with borax, forms a transparent glass; Insoluble in 
the nitcrcicostnic sail bead; unaffected by acids; gives the 
potassium flame only with difBcully. 

VAfiiirriES, —Commo-ST Orthoclase includes the subtrans- 
lucent or duU varieties; ^diJoria js a variety, often colpur- 
]esSt occurring In crystals made up of the prism, basal plane 
arid hemi-ortbodome; Afoonjton^ is an opalescent to pearly 
varietyj—the name is also applied to some vatieiics of aihite ; 
.^anidin^ is & variety forming transparent glassy tabular 
Crystals and occurring in the niore add volcanic rocks; 5un- 
and dTreniunne Felspar are adularla spangled with 
minute crystals and plates of hematite^ ilmenitc, limonite, 
etc,; Murdijjonit^ is a red felspar wutb a pecnlsar yellowish- 
golden lustre. 

OccuHHEACE.—Orthoclase occurs as an esseottal con¬ 
stituent of the more acid igneous rocks, such as granite, 
syenite, fclsite, rhyolite and trachjle; it is found in large 
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crystals as a constitueni of the pe^matUe^, and occurrences 
of this type are worked in tJie eastern United States, Canada^ 
Korway+ Sweden and elsewhere; it is a comsnon mineral in 
metamorphic rocks; it occurs also as a veinstone^ and tht 
variciY adularia lines caYities in mctamorphic rocks; ortlio- 
clase also occurs as grains In feUpathic ■s^andstoners or 
ark OSes, these resulting from the mcnmplele alteration and 
Ejoriifi^ of weathered ^^ranitic rocks, 

Uses,— iTie alkali-felspars are used in the manufactnra 
of porcelain and pottery, for the production of glaaes oo 
earthen ware p sanitary w'are and enamelled brick, etc,^ in tte 
manufacture of opalescirni g-lass, as a binder for abrasive 
wheelsp as a mild abrasive, and in the faring of artificial 
building: material, 

miceoclinel 

CoMr+—^Potassium almninium sitir^itc, KAiSi^O^j Uke 
orthoclase, 

Chyst, Sv 5T+ — Tricllfiic; the angle bctivccn the basal 
pinacoid and the brachypinaeoid is neatly 90 ", being; 

Com, Fohm,^—C rystals common, like those of orduxlase in 
habitp being- combinations of hemiprismSp brachypinacoid, 
and basal pinacoid ; also massive and granular, TwTNMr<c.^ — 
Simple twins like those of orthoclascT andp in addition, re¬ 
peated (winning on two laws^ (1) the t^vin- 

plane the brachypitiacold (OiO)^ and { 2 ) the PericHns IhUH', 
tw-iti-aals the h-axis (see further under Atbite^ p, B 7 S); the 
directions of these two (winnings are nearly at right angles 
to one another, and show on the basal plrtacoid as two sets 
of fine striations and cause the " cross-hatdicd " appearance 
between crossed nitols as described below, Cleav,—T he 
usual felspar cleavage; perfect parallel to the basal pinacoid 
(001), slightly less perfect parallel to the hrachypinacoid 
(OtO)- Colour^—G reyish-white, pinkish or flesh-red j also 
bright-green as in /iFnuconjiloite- Lusthe,—V itreous; 
transparent to franslucent, Sp, Gh- — 2 - 50 , 

Opt, Props,— Microclinc appears In rcjck-sliccs as small 
shapeless grains and plates ; like orlhoclase in ordinary lighlT 
but between crossed nicols shows the chajactefistic cross- 
hatched"' appearance due to ihe repeated wedge-shaped 
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on the Albhc And Periclme laws, as shown in Fig. 
117: Refractive Indices cr= 1 52^, 0 = 1'529, y l'53r0 ; 

□ptically negative; microcllne is distiingrui&hcd from other 
felspars by the cross-hatched twmningf, and by the positions 
of (he tiviruling^ In clenvsg’e-Elakes—a deavag^e-flake parallel 
Id the hajal pmacoid (f>Ol) shows two sets of twins at right 
angles, both sets being sharp and distinct and not moving 
much when the focu^ ifl aTter^, and a cleavage-fEafce parallel 

to the hrachypinai^oid (010) shows 
periclinn tw*lnnlng making an 
angle of SO" with the basal cleav¬ 
age; fartheri extinction on the 
basal pinacotd is 15 *. 

Tests.—I n hand-specirneop jnl~ 
crodlnc is distinguished from 
•orthoclasc by the presence of 
striatlDns tm the basal plnacoid 
due to twinning. 

OccLTRK EKCE.—Microchne oc- 
ctirs in acid igneous rocks, es¬ 
pecially granite and pegmatites; 
also in felspathic sandstones and 
arkoses dcHvcd from such rQcks,i as in the Torridon Sand¬ 
stone of the Xorth-West Highlands of Scotland^ 

SOI> A-ORTHOC LASR. 

Soda-orthoclase is a link between orthoclase and atbite, 
conaistijig of qrthoclase in which part of the K is substituted 
by Na, its compositlcm lieing expressed as j'K,Ha)AlSiiO,* 
it Is like orthoclase in general properties. 

ANOHTHOCLASE OR SODA-MTCROCLINE. 

Com I'.—An alkali fdtsjiar in which Na is In excess of 
with the fomiLila (Na,K)AJSi,Oj- 

Crvst. Syst* — T rlclinic, Com. Fqkm.—C rystals often 
rhomtKshapedi since the hrachypinflccld is usually absent; 
also granular. Twtnking. — A s in mitrocline; the cross- 
hatched twinning as seen In slices is extremely minute , a 
feature characterising this felspar- 



Fm. IIT—MicrijcUnB, 
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Opt. Props.—^L ike microdinCi except for the extreme 
fineness of the cross twlnninf^; the optic axinl jtng:1c of 
Anorthdclase is small ^ abotit 45 % and exlfnction on the has si 
plnacoid is 2*,—these characters serving lo distmgn^i&h this 
species from other fetspais. 

OccuRftiiMCE.—As phcnocrysls in acid and suh-acid soda- 
rich lavas such as those of Pantellerla In the Mediterranean, 
the /?homhewpor#ffeynej of the Oslo district^ the kenyte of 
Kenya* etc. 

PERTHITE. 

PerthUe consists of an intergrowth of albile or oltgoclase 
in orthoclase or microdine, the soda-felspar being arranged 
in wTsps parallel to the orthopinacoid ^ micropffHJufe Is a 
finer Intergrowtb rccog-nisable only under the microscope 
and vry ftdperi hits is a still finer intergrowih. Perth iric 
intergrowlhs most likely result from the lui-mixing at lower 
temperatures of potash-felspars with a small proportion of 
soda-felspars which together formed hornogcncoiis crT,^sta3s 
at higher temperatures. 

The Plagioclasc Felsparfl. 

IsTRODucrioj).—The plagtoclctscs* or soda-lime-fclsparSp 
are isomarplioyi^ mixtures of a/bitp, NaAISi^O^^ and anor- 
fhiTe, CaAljSUO^^ If Ab stands for the aJblte molecitle and 
An for the anorthite moleeuk, the limits of the various mem¬ 
bers of the plagioclase scries msty he defined as below:’— 

Albite^—Ab,„An^ to Ab^nAOi^, Le. with less than 10% An* 

Oligoclase—Ab,,Aiii^ to Ab„An„„ Ls, wish 1<V30% Ad. 

Andesme—Ab^qAn„ to Ab^^An^^, i.e. with ?lA<iO% An, 

Lsbradorite—Ab^nAn^^ to Ab^, An^^, i.e, with 5CK70% An. 

BytDwnite--Ab,aAn„ to Ab„An„, Le. with 70*90% An. 

Anorthite—Abi^An^j ter Abjln,„, i.e. with more than 0Q% 
An+ 

The plagioclases show a continuous gradation in their 
physical properties,—-specific gravity^ crystal form, refrac- 
uve Index^ etCn—^from aTbite to anorthite^ as shown below. 

Sfecifec Gravity.—T he specific gravity increases with 
the conieot of anorthite* thus* for artificial plagloclases^—^ 
albite* A ( 4 , £'606 j oligocfase, Aq„, £649; andesinc, 
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Ahjji 2:6fi0; andesinc-bhrAdoritCK 2'^9; Sabradorltei 

Atigj-, 2'710^ fasiownlte. Aii^^ 2^733; anarthiie, 2-7^. 

N^aturar^plag'ldclsses^ tio\vtver+ are seldoiti pure cnoufirh lOf 
specific gr&vitv be iiised. in iKeir identificatioux 

Crystal Form,—T he plagicDclascs are irkllnic in crystal 
Eiaatton, and ihek cn’Stala often res^mbk tha^e of orthocla^e 
in h^bit, being combi nations of hemi-prianiSj brachypinaroid 
and banai plane (see Fig. 63B, p. il9). The asial ratios and 
angles between the crystallographic axes show a progresssYe 
variation from albite to aoorihite, as illustrated by the 
angles betAvecn the ba&al pinacoid (001) and brachy^pioamid 
betivcim the cleavages—given now:—albite^ 
SC'24^ oligoclase, 86*32^; ande&ine^ 86" IV; Tabradorite, 

; bytown iICt anonhitc^ So 5fV. 

CLEAVAC-F^s-— Cleavages in plagsoclase are the two 
in the felspars,—perfect parallel to the basal pinacoid (001) 
and slighlJy less good paraOcl to the brachypinacold (0i0)i 
the angle between the cJeavag?es In the various species >ary" 
ing as indicated in the previous paragraph. 

TwTN^rKn.—The plagioclases show sitfipla twinning on 
tlie Carlsbad, Baveno and M^nebach laws 35 in orthocl^e 
(see p. aG2] axid repealed twinning on t’WO Jaws, the Albiic 
Laip and the P^riclme In the Alhite Inaw, the 

plane and com position-plane arc the brachypinacoid (010^ 
as indicateii in Fig. C6C. and this t^vinning is often repeated 
to give a senftS of very bne LuncUte, which appear on t e 
basal pinacoid as fine 5 triations+ In the Fericniie Lathe 
twm-axls IS the h-a.Yis, macro-axis,^ and the com^sition- 
plane is the rfeombfc jectioFt, which is a plane parallel wjth 
the b-axts and cutting ihc prism faces in such a way 
die intersections form a rhombus; the posllion of the 
rhombic section varies in the different plagioclases, ^ing 
21" on one side of the basal deavage In albite and 18 on 
the other side in anorlhite; note that in the plagiodases, 
Iherefore, the peridine composition ^ptanc makes ^ angle 
not near a right angle with the basal pinacoid,—a distiticimn 

from TTiicradinc, as merinoned on p. 

Refhactivh rhPF.x.^The refractive Index increases from 
albite to anorthite? for albite 1-525, ^ = 1'520, y^l536. 
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and for anorihlte^ S=:l‘504t y=l’5SS- The varia- 

Hon of refractive indices with coinpoaiiJDii is shown m Fig-^ 
j 1SA| where also the refractive indices of quarts and Canada 
balsam are shown for comparison < 

ExTiNcnoT^ A NAGLES.—The optical orientation of the 
ptagioclases changes with the composition« One conse¬ 
quence of this is that the extinction-antics of cicavagc-frai¬ 
ments are different in the different species, and curves show¬ 
ing- tile variation arc given in Fig. 118a. This vnriation 
provides a method of discingiilshing- the various pbg-ioclases 
by measuring- the extinction-ang-le of the cleavage-fragfments. 
The basaj deavage-fragment (001) can he recognised in a 
crush of the felspar hy Its showing twin-tamclliE of the (010) 
twinning, w^hcrcas the deavage-fragments parallel to (010) 
show no twinning. 

The maximurn extinction-angles of sections cut perpen- 
dicuJar to the hrachyplnacoid, (010), i.e. perpendicular 
to the fllbito-twinning lamelJif^ are important in the de¬ 
termination of the composition of pl^lodaseg In thin 
section. Such sections can he recognised by the fact that 
when the tivin-Iamellaif arc parallel to a cross-wire and also 
when they are in the 45* positions,—that is, in eight posi- 
tions in a complete revolution of the stage—very little signs 
of albitc-tw'inning are seen; further, there is very little shift 
of the composTtion-plane when the focus is changed. The 
tw-o sets of alhlte twm-lamell^e extinguish at same 

angles, one set on either side of the croiss-wh-e. The rock- 
sec Lion is searched tUJ tlte plagicsclase section showing the 
maximuiii extinction-angle is found, and this angle, measured 
from the fast vibration-direction to the twmning^lloCj is 
determined. The relation between composition and ex¬ 
tinction-angle IS showm In Fig. 11 fie, where it Will be seen 
that further observations are necessary to dlstir^uisb be- 
tw^een certain varieties ghfing the same extinction-angles. 

Sios OF PLAGioct^sE?.—As a consequence of the change 
in the optical orientation already mentioned, the optic sign 
of the plagiociases depends on their composition^ the reta- 
tlonahlp being shown in Fig. 118o. 
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Tm£ Pljirioclases in Thin SiLCTtoNg.—Plagiodase fel¬ 
spars oocor often as four-sided, usually elortg-aled, sections 
\n rock-sticeSj or else as more irregular plates ajid grains. 
CleavagE-cracks are rarely seen, 'fhe refractive index de¬ 
pends on the ramposiilon, but, except for the most iime-dch 
members^ their relief Is not great. Polarisation colours are 
fow.^reys of the First Order, Zoning Is often seen, and 
lamellar minmng {see Fi^. ^ i^ht) is almost always pre¬ 
sents and is usually accompanied by Carlsbad twinning, both 
types being easily observed between crossed nicols. The sym¬ 
metrica] extinction-adglcs of albite^twins as explained 
above. The plagioclases are, of oourse, biaxial, with Urge 
opiEC axial angle, their optic sign depending upon iheir com- 
position^ as shown in ■Ffg- H8o- The plagicK^laaes are often 
cloudy with alteration products, the more s&dic tvpes giving 
sericitic micas and the more basic types a mixture of cpi- 
dotes, new alblte^ etc., known as suussuriie^ 

DiscR iAiiNATION of the Plaoiociases.—T he classification 
of igneous rocks depends upon the nature of the felspar 
present in them, so that the determination of a piagioclase in 
a rock-section is often a matter of importance. The foUow- 
ing methods are recommended r~ 

(a) R^fracUv^ Index ^—The first observation is the ap¬ 
prox Lmatr determination of refractive index bv the use of 
Beckers Effect {p. 156) or the Shadow Method fp, 157), a 
comparison being made with quartz, if it b, pritseni in the 
rock-sJice* or with Canada balsam. Inspection of IISa 
shows that plagioclases with more than 50% Auorthite have 
refractive indices aH hlghtr than the highest of quartz, and 
that albite, with Jess than about 10-13% Anorthite, has re- 
fracthe indices all lower than the lowest of quariz, Plagio- 
clascs with 12 to 40% anorthite ha%x refractive indices not 
much different from one or the other of quartz. Most albite 
sections show refractive mdices low^er iJian, oligodase not 
niuch difFerent from, and more hrae-rseb felspars higher than 
balsam, 

(b) Determination af Optical Si£n,—\f a suitable micro¬ 
scope Is available, the determinatioo of the optic sign of the 
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pJagiodasc is itnporranE for tire diagnosis of the plagioclase 
prtisiJnt, A plagiodase sectioo showing lowest polar! satlcm 
colours^ or almost isqtropie, Is chosen for preference, and 
I hr optic axis igure obtaitied as explained on p. 182; the 
sign is detenrsirnrd with a selenite plate (sec p* and the 
diaaram of Fig. llSl> consulted. The determination of re¬ 
fractive index and sign goes a long way towards the deter- 
inination of the anorthite content of the plagioclases prt* 



Fig, —Fdspm-s m thin ^LtiGd s Leitj <jriA^dar£ showing Curls- 

ti^d rwlDning: {C) and Bavusn twinning (B); tfgllL f!epe£ifist 

nhow^ng Albite tirinning^—bath EguxBa utween Ezro^ed nlcdll. 


sent. Even seemiDgly indcterrtiinatft observation & on sign^ 
as for Instance where tlicre is no curve of the isogyre and 
the optic axial angle la accordingly about 90% are of 
since, as Fig. tlSn shows, only three plagjodase coitiposi- 
lions suit such an observation- 

(c) Symmetricul The determinatiDn of 

the maxlffium extinction-angk in sections perpendicular to 
the albite-tv^^inulng Lamells, as explained above, furuisbes 
a value which can be employed in the determination of the 
plagioclase present. The values are given in Ffg. 118c. 
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ALBITE. 

Co^lP,—Pure s^idiuiu ?V‘aAlSij,(J^; 

rock-farming: a^bhe mav contain up to 10% of anOrthitCp 
CaAEjSijO,. 

Chvst- Svst,— Tridinic* Com. Form-— Often in crystals ^ 
tabular paraUd to the bracbyptnacoid, and formed of hemi- 
prisms^ farachypmacxsid^ basal pinacoidp and hcmi-fnacro- 
do^le^ as shown in Fig. Oljiip p, HO ; also cccurs massive, 
with a granular or lamellar structure. TwiNTftNC.—Twin¬ 
ning on Carlsbadr A1 bite and PericJlile l?lws very comffioriK 
asciphiineil above oo p. 3CT. and figured in Ftg, BGcj p. 124. 
Cleav. —Perfect paraHeJ lo the basal pinaooid, almost as 
good parallel to the brachypinacoid. Colour.-— WhlteT, 
sometimes with a bluish^ greyishT rcddi.qh or greenish ungc; 
atso colourless. Lustre. —Vitreous; pearly on basal 
deavage-pliine; transparent to translucent. Fract.—U n¬ 
even . H5. Sp. Or, .^2 fiClu2 ^2, 

Opt, Props. —See ahovo» p. 2^70; diaraclcrised by low re¬ 
fractive index;—low-cr than tl'FOSc of quartz and balsam 
positive optic sign, symmetrical extinction angles of albite- 
tw'Ins 

Tests. —-Before the blow'plpe fuses watb difficulty« colour¬ 
ing the dame yellows 

Vari&tjes. .4i!enfiinne and MvDnstoni are two varieties 
corresponding to similar varieties of orthuclaae; Pericline 
is a while semi-opaque variety occuiTing as cry^stals 
elongated along the b-axis^ Perislerite is a variety with & 
play of colours like those shown by labradorite (see p. 3T4]|, 
and often containing disseminated grains of quartz; Clcav^- 
ianditc is a lamellar variety of white albite. 

Occurrence. —Albite occurs in the acid and intermediate 
Igneous rocks,—granite, syenite and diorite, and their 
hypahyssaJ and volcanic representatives; also as fragmejital 
grains in arkoscs and feispathic sandstones; fairly common 
iu the crystalline schists, especially characteristic ol the 
^tbUe-schists and gneisses, and oi some injection-rocks; a 
principal component of adinole^ a soda-rich rt5ck formed at 
the contact of certain dolerites with slates, as In Cornwall. 

Uses.—S ee under Drthodase. 
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OLICOCLASE. 

CdMK—^AfagijAnjjj to where Ab=N?iAlSijO^^ 

itlbite, and An =CaAJ^SijO^, arrortbitc^ 

Crvst, Svst.—T riclinic. Com, Foaw.—Crystals not cam- 
mqn; uiiually <C€Utg massive and cltavable, Tw¥KNing^“ 
As for aibite. CLEiiv, — As for aJbite. Colour.—G reyish^ 
greenish, yellowish, white, pocasionaJly whh a reddish tinge. 
Lustre.—R esinous on cleavage-planes^ vitreous or pearly; 
translaccnt on edge^v; when weathered, dulL Fbact+ — C on- 
[holdal^ uneven. —6-6'5. Sp- Gr,—2'64- 

OiTT, pRors.—5ee above, p. 37D, eharaclerised by refrac¬ 
tive index slightly lower than quartz or overlapped by quartz^ 
negative sign, symmetrical extinction angle for albile-twin¬ 
ning. only a few degrees. 

Tests ^ — Fuses more easily than orUioclase and albite^ and 
forms a dear glass; insnluhle in aetds^ 

Occur —OligocLase occurs as an original eon- 
stituent of sub-acid and intermediate igneous rocks,— 
syenites, diorites and tbdr dyke and volcanic representa¬ 
tives ; it accompanies orthoclase in many granites; it occurs 
in mctamorphic rtx^ka of various origins,—granite-gneisses, 
oligoclase-biotite-gneisses of sedimentary parentagCt and in 
many types of Jnjection-giieisaes, 

AMIESINE. 

Comp. —.AbjoAng^ to Ab^^jAn^u, where Ab^NaAlSi^Oj^, 
albite, and An=CaAl 3 SiaOj, anorthlte. 

CwvsT. SvsT* — TricUok, Com. Fohm.—C rystals not com- 
moD, usually nccurs massive and deavahle^ TwnsKiPit;.— 
As for albite. Cleav.—A s for albite. Colour. —White or 
grey. Lustre. — Sub vitreous to pearly, H.— 6- Sp, Gr.— 
266. 

Oft, Profs.—S ee above, p.3T0, characterised by refrac¬ 
tive indices being ah higher than that of balsam, and over- 
fapping with, or slightly higher than, thoge of quartz; sodic 
andesines are optically negative, calcic andesines optically 
positivep medium andtsine shotving a straight brush in the 
optic axis figure [ symmetrical extinction in aibitc-iwim b 
about 
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OccuKRE,v'CE.—Occurs as a primary niineral in ifiter- 
m«iiale Igfncnus rocks such as diorites and andesites. 

LABRADQRITE. 

Couv,' — Abnfl.'Vn^^j to Ab^^Anj.^p where Ab=rNiiAlSi^O^, 
albitCp and .4n=CaAljSij O., aiMjrtliite- 

Ci^vsT* Syst. — -Triclinic- Com- Fokm.— Crystals not com¬ 
mon, thin and tafaularp being Battened paraElel to tlie brachy- 
pinacoid (010) j tisually occurs massive, crystalline and tleav- 
able. Twinmmg. — S ee tinder albite. Cleav, — U sual felspar 
cleavage, see under atbitc, Coujun* — Grey^ dark ashy* 
browrip green, reddish, rarely colourless j oftcrip but not 
alwaysp shows a ricli play of colours, in which blue and green 
generally predominate^ Lcstiee.— VitreouSp inclitiing to 
pearly on the basal deavagc-planes; subvitreous or sub- 
resinous on other surfaces; translucent but only on fine 
eoges- Fhact.—I mperfectty conchoidal, uneven, splintery, 
and brittle. H*—6, Sv- Gb^“-2'OT. 

OiT. PROP.=i.=-SE!e abovTp p. 1170; characterised by all re¬ 
fractive indices being dearly above those of quartz and 
balsam p by its positive sign, and by Its symmetrtea.1 estinc- 
tion-angle in albite-twins of 2T-3T*. 

TEiaTs.-—Fuses rather more easily than orthoclase or 
nligoclase to a colourless glass; powdered labradorlte is 
soluble In hot acid- 

Occurrence-—O ccurs as a primary considuept of basic 
igneous rocks, sneb as gabbro, norite, dolerltc and basalL 

BYTOWNITE. 

Cdmp- — to .Ab^^An,,, where Ab^bi'nAlSI^^Ogi 
albite, and An=Ca-ALSl30|, anorthite. 

CrvsT- Syst.—T riciinic- CdM- Form.^—^M asslvfr in 
igneous rocks* — Sec under albite. Cs-Eav.—S ee 

tinder albite. CotjOtTH-—Grey^ dark grey, bluish. Sp* Gr.- 
—2.72. Opr. Props. —5ce above, p. 370; characterised by 
high refractive mdcT^ for a plagioclase, all refractive indices? 
being weB above those of quartz; by negative sign, and by 
symmetrical esttinction migh in albite-twins of more than 
38\ 
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Occuhre:nce.—A s a primary constituent of bnisjc and ultra- 
basic Igneous rock&^ such os oli^'in^-gabbro- 
ANORIJUTE. 

Co.Mi.—to where Ab = NaAlSijO^, 

albLte^ and An anorthite. 

Ghyst* SyhTh — T riciuiic. Coal. Fohm.—P rismattc crystals 
elongated parallel IQ the c-axis, or crystals clDugatcd along 
b-axisf uijualiy massive and cleavable- Twinning. — See 
under albite. Cleav. —Usual felspar cleavage^ perfect 
pwntUd Itj liie basjil pinaco'id, not so |^0od parallel to tlie 
t^rachypinacoid. CoLouir.—Colourkas or w^hke. Lustra* — 
\"itreoiis; |jearly" un cka va^f-planes j tmti.sparent lo traos- 
lijcciil r FjiACr.—ConL'hi Hdal. H.—t5-6'o. Si'^ Gr.—ST4- 

Opt. aliove, p. 370; cliaracterised by its very 

high rtffmcllvc Index for :i |>lag1tjc!ase, iiild by il5 positive 
sign. 

TilSTS.—F uuses to a gUiss; soluble in liydrochloric acid 
with some separation of gebitinotts silica- 

tJcciiRRRT^rti.—ufs as a primary cotistkucnt in basic 
and ultrabasio igneous rocks, such as gabljfos of various 
tvpc!^ ^ also as a constli uent of the calc-sincate-hornfdscs^ 
protiucedby ibr thurmnl iiftejainon>liisin of impure limestones 
and marls. 

The Ftlspathaid Family. 

Introduction.— Tn the Fclspaihoid Family arc grouped u 
number uf rnifieralB whicb in certain respects show similarU 
ties with the felspars, especially in their types of chemical 
MHUIhisiiton. The mL-mlRrrs of the I'Tdspatlioitl Family con¬ 
sidered here are:— 
d/tf j—K AI Si 

(artificial). 

Naturally iKcuirlng nepheline contains some ILAISiO^ 

i rii'f >/—i{ N aAlSiO^).CaCO,. H jO (appniJt,). 

.^flf(W 3 (NaAJSiO,).Naa. 

Hanyrte, —3(NnAlSiOJ.CaSO^. 

^ .Vosfdii,*—3{NiiAlSiO^).NajSOj, 

yJff'Mr. nrtf e 3 (NnAI SiO,), N ajS.) 
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It will be that leudt-e differs; in composition from 

orthc^'lase^ KAlSiaO^, in having n lower rado of ^ilkoti to 
Hlumlniuni^ and that artificial nephellne differs from albitei 
In a simitar TJie other fclspatbolds 

show a similar deficiency of silica wlicn compared 
witJi albite, aii-rlp in oiidkion, contilsn such molecules 
as CaCOjjp NaCh or Nri^S. The feispathoids, ex- 

cept iasurilc, are primary oDjislituenls of neons rocks, 
and It follows ffcjn this character of their chemical com- 
ptisition that primary quartz and felspathoid never occur 
together in the same rock ; If free silica had been present in 
the magma it would have coiuhined with the felspathoid mole¬ 
cule to form a felspar. Further, this deficiency of silica 
restricts the occurrence of Tclspathoids (except lazuritc 
again) to igneous rocks low in silica and rich ia alkalies,— 
such rocks as nepheiine- and Jeucite-syenkes, pboiiolites, 
and nepheiine- and lendte-basaliSp etc. 

LEUCITE, Amphlgene. 

CoMiv—Potassium aluminium silicate, KAJSigO,, 

Crvst, Svst.—C ubic ac SlXMiGO'C.; when leudte is 
heated to iJiat temperature, its double refraction and other 
anonsalous properties seen at lower temperatures disappear; 
at ordinary temperatures the crystal angles arc approxi¬ 
mately those of a tetragonal form* Cost. Fdrai.C rystals 
are in forms resembling that of the trapezohedron, (^li), 
rarely with the cube (100} and rbombdodedteahedron {110} 
as subordinate forms; also in disseminated grains. Gleav. 

“ ■Rhombdodccahcdral^ but very Imperfect. Colour._ 

White or ashy grey. Sthear.C olourless. Luctre.-Od 
fractured surfaces, vitreous; translucent lo opaque, Fhact- 
— Conchoidai; brittle. H.— 5’5-e. Sp. Gr. _ 2 5. 

Opt, I Rors.—Leucite In thin sections of rocks jsJiows 
rounded water-clear crystals, sometimes containing in¬ 
clusions symmetricsilEv arranged [see Fig. upper). Its 
refractive index, i 50 »- 1 - 509 , is below that of Canada balsam 
and, although usually isotropic, il nmy show very low 
polarisation *x)Iouts or twinning hands, as exptainfTi above. 
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rests.—lofu.^ibEc btfort: blowpipe; g"1vcs blue alumlnjLiiii 
colors Ceod when heated with cobalt nitrate iri the oxidising 
Hame; soluble in hydrochloric acid without ge!atiDisatiGn+ 

OcCUK RHNXL.—-1 ^ucite 
occurs as a primary 
coo^stltuent of volcanic 
rocks^ and usually lo 
fresh or recent types^ 
such as the Vesuinan 
lavaSp ajad in kucite- 
basak^, leucite-phorto- 
lites, leuei te-iephritcs, 

Icucitophyres, and leu- 
dtiteSp — ^rocks low in 
silica and rich in potash^ 
Uses. “ Leuclte is 
worked in the Italian 
leucJte-lava fields for the 
prexJ action of potash- 
fertiliser and of alumi- 
niuin: in normal years the production Is about 40,000 metric 
tons of leudte rock* 

NEPHELINE. NEPHEUTEp Ekolite. 

Comp. — ^Artificial nephellne is sodium aluminium siheatet 
NaAlSiO^; In natural Titrphclinc potassium is always 
presentT together with silica in excess of the artificial pro- 
portions^—the composition approxiTTiating to 
4AI^O| r9i5iOa; an analysis of excellent material from Dun- 
gannon^ Ontario, gave K^O.nNa^O.dAlHOj.lSSiOj j it has 
liecn suggested that natural iwpl^etine consists of a mix lure 
of oepheline, NaAlSiO^, and kaliophyltlTc^ KAlSiO^- 

Sv^T, -fh'x^kg+msil. l.’osi. Fuem. — lYvstals with 
hexagonal prism and basal pedion, often modified; also 
aive. CcRAv. — Distinct prssitiatic, imperfect basal r the 
deavages become more distinct as a he ration of the mineral 
progrcases. Coi-OUW*—^Colourless, white, yellowish, dark 
green, brownish, etc. Lustre. — V itreous or greasy; trarkS- 



VlG, 150, —Felspalhoids in thin esc^ 
bon: sImvEt /runr/j hdt, 

waseiiM, right, KUpA/ltne. 
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parent lo opaque. Fhact.—S ubconchoidal. H+ —'fS'fi-G. 

Se. CtHr —3'5«2-6. 

Opt* Props, —^I n thm sections of rocks ncphelme cxrcuts 
either as hexagonal basal or rcctang-ular Eongitudinal scc- 
tiuns of crystals hiwer, rightj or as nsnre It- 

regnjKar masses; the refractive indices arc near ibat of baS- 
sam, *=1'533, and tbe bireffingchce is weak, — the 

basal sectioos are isotropic and the loTi^itudinal sectJons 
polarise in low ^eys; uoiaxlab ncg-ativeT but usual sections 
arc often too thin to give a good %tire; sometimes shows 
cleavages emphasised by decomposition productSj and then 
gives straig-ht cxlinction parallel to these cleavages; nephe- 
line is distinguished from apatite by its lower rcfracELve index, 
from quartz by its negative sigi^, lower bireFf'rngence+ altera¬ 
tion—especially along cleavages, from orthoclase by its higher 
refractive indet; if the uncovered rock-seclion Is treated 
with hydrochloric acid^ nephehne is gelatinised and Ibis jelly 
absorbs stains so that the distributEDD of the nepbelioe is 
shown. 

Vapifties ,—Orditmry Nephdine^ tbe small glassy crystals 
in lavas; Eleolite is a dark-coloured variety> with a greasy 
lustre, it shows no deEnSte crystalline form and only rough 
cleavages ; k occurs In some syenites. 

Tests. — H eated before the bloivpipe, nepheline fuses to 
a colourless glass: gelatinises with acids (see nndcr Optical 
Properties). 

OcdTRBEitfCE:* — Nepheline occurs as an original constituent 
of volcanic rocks such as phonolitcs, nephdinites, nepheline- 
basalts, etc*,—t.e* rocks low in silica, and rich in soda; also 
in plutonic igneous rocks of similar compOfikioD, the 
nepbeljoe-sycnitesi etc.the term deolite used to be re¬ 
stricted to the massive non-crystalliscd varieties occurring 
in such syenites, but the name should be discarded ~uj 
petrology i 

CANCRINITE. 

Comp.—H ydrated silicate of scidium, calcium and alu- 
miniuiri wilh carbon dioxide^ apprmEimately represenied by 
4l>;aAlSiO^}.CaCOa, H gO, 
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Crvst* Syst^^ — H exaganaJ. Com. Form, — Massive, 
CuiiAV.—Ptrfect prismatic (lOlO). Colour^—C oiniBonly 
yellow, but al4SO white, red. H*—5-0. Sp. Gr.—2*4-2’5, 

OiT^ Profs. —In thin section oolourlesSi, with low refrac¬ 
tive indices^ iki— l'524p e=i-490^ and high double refraction, 
thus giving between crossed nicols polarisation colours of 
2nd and 3rd orders; uniaxial negative; recognised by the 
comhitiatlon of Jowish refractive indices and high polarisa- 
tion colours, 

OcctranfisicE,—As a oonstiiucnt of igneous rocks of the 
nephclinc-syenitc type* 

&ODAIJTE. 

CoMP^ — Sodtunt aluminiunri silicateT with sodlutn chloride, 
3(NaAlSiO^).NaCl; compare the compositEon of nepheline. 

CkvsT. SvsT,— Cubic, Com, Form* — Rhombdodccabedral 
crystals; also occurs massive. Cleav.—R hombdodecabedral 
distinct. Colour, —-Grey, bluish, lavender blue, yellowish. 
Strrak, — C olourless^ I^ustre, — V itreous; subtranspaotrit 
to translucent. Fract.—C onchoidal or uneven. H.- —^b'5-d. 

Sp* Op_—22. 

Opt. Props. —Under the microscope^ sodalite appears as 
coluilrless grains^ without distinct cleavage ; refractive Index 
low, i'482^ much low'cr than balsam, so that if the dia¬ 
phragm is insertcdp the surface of the ^odahte appears pitted 
disc io this dlffejenee in rcfrftctivu Ind^x (see p- 156); isotropic; 
if the uncovered rock-slicc is treated with nitric acid which 
is allowed to evaporate slowly, cubic crystals of sodJum 
chloride are produced. 

Tests,—T he mineral is soluble iu nitric acid^ the solution 
reacting for a chloride: decomposed by hydro€±loric add 
with separation of gelatinous silica; heated before the blow^- 
pipe fuses with intumescence to a colourless glass, 

OcccRRENCTE,—Occurs In soda-rlcb igneous rocks low in 
silka, such as uephcline-syenitet eic.^ where it accompanies 
nepheline or leucite. 

HAUTTiK, HAUYNITE, 

CoMP,^ — Sodium aluminium silicate^ with calcium sulphate^ 
3(NaAlSiO^)XaSO^; compare the composition of nepheline. 
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Crvst. Svst*— CutMC. Com. Form. —Crystals smaU 
octaiiedra and f bombdodecahedra ; usually occars Ln rounded 
or siibaag-ubr grains. Cleav,—R hombdodccahedral fairly 
good. Colour.—B right blue nr greenish-blue. Streak.— 
CDlourless. H,—&'&-6r Sp. Cr, — 2-4-0-5^ 

Oft^ Propsp—I n tbin sectionj hauyiic is usually blue, but 
may be colourless j refractive iodex low^ 1 49G, much lower 
than that of balsam: i.wtropic between crossed nicols; char¬ 
acterised by an abundance of minute dark inclusions,p often 
arranged in a black border or In semr sytrimetricai pattern 
or scattered through the crystal; these inclusions- together 
with the low refractive index and isotropisTn serve to identify 
the mberal in ihln seciinn. 

Tests.— I>BCQmpo5td by hydrochloric acid with the 
bCparadon of gelatinous silica^ — the solution gives the re¬ 
action for sulphate with barium ebjoride solution. 

OccuRRENCR. — As a constituent of igneous rotdts, mostly 
of voilcanic origin, that are law’ in silica and rich in alkalies, 
as In those of Vesuvius, Rifel, etc. 

NQ3EAN, NOSEUTE. 

Comp. — Like that of hauyne, but contains little or no 
caldmn, — soduim atiifninium silicatu with sodium sulphate, 
3f XLiAJSiOj ; comprEre ihti compi'isitlcin of n^^pbeUneh 

Chamacteks A\n Occlthreu^ce. — like hauyfiCT described 
above j cubic; colour greyish or brtjw’n; in thin section 
isotropic, loiv refractive index iA65j with Inclusions similar 
to those showm by hauyne (see Fig. 120, lower, left); gela¬ 
tinises with acid, the solution giving the reaction for sul¬ 
phate; occurrence as for hauyne. 

I^ZURITE, LAPIS LAZULI. 

Cosir.—Sodium aluminium silicate with sodium sulphide, 
3{XaAIStOj).Xa,^S ; compare the oompogition of nrphdinc- 
Cryst* Stst. — Cubic, Com. Form .—Crystals, cubes Rud 
fhombdodccahrdra, rare; usually massive and compact- 
Ci-EAv. — Imperfect rhombdodecahedral. Colour^ — B prlin 
blue or azure bind. LlifiTRs. — Vitreoui: translucent to 
opaque- Fhact^ — U neven. H. —5’5. Sp. Gr.^ — ^-3S-2'45+ 
Tf-sts- — F uses with Inturuescence to a white glass; de> 
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composed by hydrocbforic acid with the evolution of sul- 
phureited hydfogao, a gelatinous deposit of silica being lcf£ j 
the mineral Is often spangled with iron pyrites. 

OcctiaHENCE. — In crystalline limestone near granite coO' 
tacts and presumably of ooniact-metatnorphic origin; de¬ 
posits of this t>'pe occur at Lake OaJkal, and In Persia, 
.Afghanistan, etc. 

Uses. — L apis l^Jtuli is cut and polished for oroamentat 
purposes, but is too soft to be much used in jcwellrrj'. 
Ancient Egyptian amiilet.^ carved in this material are com- 
mon. When powdered, lazurite coivstitutes tli:c blue paijit 
ultramarine; most of the ultramarine^ however, is now arti¬ 
ficially prepared by heating together ctayT sodtum carbonate 
and sulphur^ and since the artificial pigment is very much 
cheaper than the powdered mirLcral, the latter has been 
almost entirely superseded. 

FORMS OF Sn.ICA. 

The forms of silica, including the hydrated forms^ can be 
cla.sslfied as below^:— 

CryslaiUm* —Quartz^ Tridyin]te+ Cristoballte. 

Cryptocryjfflf/ine.—Chalcedony (some), Jasper^ Flinty etc* 
/I Hydrated. — Opal, Chalcedony (some}^ Sinter, 

Dlatomite^ etc- 

Crystalline SHica: Quartz, Tridymile, Cristobalite, 
QUARTZ. 

COhtr.—SiHcon dioxide, SiO^. 

CrVST. SVST. — Hexagonal, rhombohcdral-trapczobedral; 
Quartz .symmetry-e bs-^, described on pp. 104-1 f>8. Coxt. Form, 
—Crystals usually hexagonal prisma, terminated by positive 
and negative rhombohetira, these givmg a form like a hexa¬ 
gonal pyramid w'hen equally de\^elftfitd 121J j somctrmcs 

the prLsni is lacking, as shown In Fjg* 122; for a fuller dis¬ 
cussion of the crystaHo^phy of quartz, and figures of 
quartz Crystals seepp^ i04, Ifli^. Quartz crystals often show 
faces very irregularly developed, and arc often distorted* 
Occasionally crystals contain small cavities partially or 
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wholly filled with liquid; not infrequently acicular crystals 
of rutile, ctc+, and scales and grains of chlorite and mica are 
enveloped. Qnartz also occurs massive^ granular^ and some- 
tiines sialactidcp Colour. —When purep colourless j often 
coloured by ixnpurities, giving- rise to ccrtaiEi varieties men¬ 
tioned belowp Lustre. — ^Vitreoui, occasionaily re^sinoiis; 
transparent to opaque. F ft act. —Conchoid al; no cleavage. 
H. — 7 ; cannot be scratcheri with a knife. Sp. Cr^ —‘3^05. 



rtc5. 121, Lii. —Q110 rti. 


OvT, PflOPS. —In thin sections of rocks, quartz appears 
cither as grains, or as well-formed crystals, ihc mode of oc¬ 
currence d:cpending on the rock; quartz is colourless^ trans¬ 
parent and iiitalteredo shows no cleavage, and an irregular 
fracture. The refractive Indices are slightly above that of 
balsam^ 1^544 and e=J'553p so that in thin sections the 
borders oi the grains are not well marked, and the surlact 
of the mineral appi;nrs smooth. The birefringence is wcakt 
and between crossed nicols sections show greys or yel¬ 
lows of the First Order; tW’inning is not commonly shown ; 
transverse sections are Isotropic and give a positive liniavial 
Interference figure. The elongation Is positive. 

Tests.- —Physical properties distinctive | heated alone 
before the blowpipe, quartz is unaltered; soluble in the 
borax and sodium carbonate beads; insoluble in the mjcro- 
cosmic salt bead, 

VAHtETiES.—^J?i3cfe Ctyjiul Is thc purest and most trans¬ 
parent form of quartz; it is sometime.^ eniptuycd in jewelleryt 








THE DESCRIPTJON OF MINIlRALS 

and far nnakifig: spectacle g;lflsses; Am$ihyji is a purple or 
violet cnlonred traTispareot form «f quartz, nwuig- its colour 
perhaps to manganese; it is used in jewellery; Rose gimrie 
is a pale pmk or rose-colourcd variety of quartz; the colour 
fades On estposure, but may he restored by moistening; 
Catrfigerm, Smoky Quarts arc varieties of quariz of a fine 
smotev-veHow or smoky-brown colour, and Morion Is a 
nearly black variety; these tj'pes are used Ln Scottish jewel¬ 
lery; Milky QimriB is a common variety^ of a milk-white 
colourj—the milfctness being due to the presence of a multi¬ 
tude of very small air-cavities; the milkiness Is sometimes 
merely superfiqiaJ^ and such crystals are called qunrfn en 
chemise; Cat'^ Eye is quartz wdlh a minutely hbrous struc¬ 
ture which causes it when suitably cut to exhibit a peculiar 
opalescent play of light, bearing some fanciful resemblance 
to a eat^s eye; this variety is often a pseudomorph after some 
Bbroiis mineral; jiuenfanwe Quarts is quartz containing 
spangles of mica, hematite^ etc.; F^rruginoiis gwarts con¬ 
tains Iron-oxides, which impart a rerldish or brownish colour 
to the mineral. 

OccunRESCE. — ^Quartz occurs as an originaJ constituent of 
the more acid igneous rocks,—granites, quarLc-felsite, 
rhyolite, etc. It also forma the bulk of the sandstones which 
result from the breaking-up of igneous rocks containing 
quartz; sandstones therefore consist of smaH, usually some¬ 
what angular hut occasicmally wdl rounded, grains of 
quartz, ivhich are cemented together by various substances, 
—by quartz as in some types of quartzite, by iLmonite as in 
the ferruginons sandstones, by calcite in the calcareous 
sandstones, by clay as in the argillaceous sandstones, and 
so on. Quartz Is a common constituent of many meta- 
morphic rocks. Quartz occurs also as a very' prominent 
veinstone in many mineral veins, and in geodes, — potato- 
shaped stones, with a central hollow- into w^hich project 
quartz crystals. 

Uses. _Quartz sands, sandstones and quartzites are used 

In the building trade, and sauds arc employed in moulding, 
glass-makingj etc. Quartz from various sources is exten¬ 
sively used as an abrasive material, a^ in scouring soaps, 
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aand-papcr, tooth-paste, etCn Quartz is employed in the 
manufacture of pottery, sUica-bricks, fused siJica^ivare, feiTo* 
silicon, arid as a fluitj. as Itoing^ for luhe-rnills^ and as a 
filler. 

An important new use of quartz, de|K.inrient on its piezn- 
electric: properties^ v'as devetnprd, extensively during" the 
war of in i:onnectdoii with ‘>hort wave radio ap¬ 

paratus. Thin plates cut from cerlnin types of quartz cry5s- 
tal (Dauplimi twins) ate used to control Uie frequency of 
radio circuits ; millions of these oscillator plates have been 
made-f the necessary supplies of suitable quartos coming 
mainly from BrazIL 

TRIDYMITE, 

Comp.—S iUca, SiO^, like quartz, 

CflYST, SvsT.—Probably hexagonal. Com, Fouai.—S mall 
plates, usually over Japping and then producing the appear¬ 
ance of Esh-scaJes. CoLOUh.—Colourless to white. Sp. Ch. 
^'23-3-33. 

OccuBRENXE.—Trjdytnitc Is the stable form of silica at 
temperatures between 870" and i470‘C. at atnipspbertc 
pressure; it occurs in add volcanic rticks^ as in the Drachen- 
fels trachyte, the Tardfee (Antrim) rhyolite^ the Mount 
Ranier (%Vashiagton} andesite, etc. 

CRISTORALTTE. 

C-OMP.—Silica, SiOjj like quart?. 

CiiAJiACTFBS ATO OccukR^MCc. — ^'fliE foriM of Silica stable 
above 1470'C-; occurs as "whrte octahedra in volcaiiic rocks, 
as in the andesite of San Cristobal Mountains, Mexicn. 

CryplDCTystalline Siliea: Chatcedonlc Silica. 
ClL4LCEDD?flC SILICA. 

Comp.—A rnixture of crystalline silica and amorphous 
hydrated silica, that is, of quartz and opa]; pure cbalccdonic 
silica is SI heat SiOg, and is one entl-m ember of a series of 
minerals, the other eruJ-member of which i=i opal, STOj^nl J^O, 

Com* Form, — P ossesses an obscure or minutely crystalline 
(crj^plocrystall!ne) structure; often showing a radiating 
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minutely fibrous structure; usually cjctrurs filling cavities in 
ajnvgrialoldal rocks, as a veinstodtj and as nodules in sedi- 
mentarj^ rocks, especially UniestoDe; the surface of these , 
nodules Is generally mammilla ted or botryoidal; sometifncs | 
stalactitic. Colouh. —Varied; white, grey, pale blue, bluish- i 
white, brownishp black, etc. Lu^itrf.—R ather waxy. 

Oft. Phops,—I n thin sections, the cryptocpfst^linc 
varieties of silica are mostly colourless, with refmelive indes 
□ tittle lower thim that of quarts and of balsatn: the micro- 
fibrous kinds show between crossed nlcols a black cross, the 
arms of w^hkh are pa^ralkl to the nicol planes, since the 
fibres ha%'e straight extinction' chalcedony gives such a 
cross, and this fibrous variety has fibres showing negative 
elongalion, the fast direction of vihration being parallel to 
the length of the fibres, 

VAiiiETrES*—Three mam varieties of chalcedonic silica 
can be distlnguishedp Chalcedony. Flmt and Jasper. 

(1) Chdlcedany includes a great number of sub-’v^rieites 
based mainly on colour; the chief are ^ — Corneifan Is a wctl- 
knowD traDslucrnt variety of a reddish or yellowlsh-red 
colour, and ^arJ Is a brownish variety, both types being 
used for siguet-rlngs and similar work; Prase is a trans¬ 
lucent p dulk leek-grecn variety of chalcedony^ and also of 
quartz; Phisina Is a Fub-lranslucentp bright green variety, 
speckled with white; Blood SfOJir or Heliotrope is similar to 
plasma, but is speckled W'ith red; Chrys&prase is an apple^ 
green chaldcdonyt probably coloured with nickel oxide; Agate 
Is a variegated chalcedony^ composed of different coloured 
taandst sometimes rvith sharp lines of demarkation, some- 
times shading off imperceptibly-one Into another, and afford¬ 
ing various patterns according to the direction in which the 
stone is cut; the agates are cut and polished for brooches, 
snuff-boxes and similar articles; they mostly come from 
Saxonv, Bavaria, Arabia, India and Perthshire (Scolcft 
FehbleV), and are found filling the vesidej: En amygda¬ 
loid a1 vokanic rocks s Moss A^tiU or ^focfla Slone is a 
chalcedony containing small dendrites {tree-like grow^thsj^ 
w^hlch consist of iron-oxide, or of a ferruginous member of 
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the chlorite group of minerals; Onyx and Sardonyx are Hat- 
banded \^rieties of cbalcedanyt onyx having white and grey 
or brown haodsT and sardonyx having white or bluish-white 
and red or farownish-red baods^ 

(2J Flirti is eonipact crypttjcrystalline silica of a black 
colour, or van Otis shades of grey, and occurs in bands or 
more nsnalJy in IrreguEarly-shaped nodules arranged in 
layers In the Upper Chalk of England; flint breaks with a 
wetbmarked concholdal fracture, and afTords sharp cutting- 
edges; accordingly the substance ivas extensively used by 
pre-histonc man for the fabrication of weapons, chisels^ 
hatchets^ etc.; before the invcnlion of percuss ion-locks and 
ntatchcs^ flint was employed for gun^flints and for igniting 
tinder, these uses being based upon the w^elt-known fact of 
flint generating sparks w^hen struck with steeh small par¬ 
ticles of steel being raised to a state of incandescence by 
the heat produced h}' the blow; flint is used in tube-mills, 
and calcined flint in the pottciy industry; in Kent^ Sussex, 
etc*, flint has been extensively used for road-making sod 
building; Hoftistone and Ch^rf are grey to black opaque 
forms of cr^ptocrystallific silica^ resemhling flinty but break¬ 
ing w'dh a more or less flat fracture, rather different froin 
the coochoidaj fracture of flint: nudntes and beds occur in 
liraestone formationsg as in the Carboniferous Limestone of 
North Wales, 

^ (3) Jasper js an impure opaque form of cryptocrystalliiic 
Silica, usually of red, broivo and vello^i^ colours, rarely 
green; it is opaque even on the thinnest edges; some varieties, 
such as Fgy/jfian or Rihhon Jasper, are beautifully banded 
witJi ciifferent shades of brown : Porcelain Jasper is merely 
clay or shale altered or baked by contact with a hot igneous 
j may be distinguished from true jasper by being 
fustble on the edges before the blowpipe. 

Amorphous Silka^ Opal 

tll'AXu 

Co5lP,—Hydrated si^ca^ SsOj.nHnO; the percentage of 
water k usually less than 10. 

C034. Foftat.* Compact, amorphous^ reniform or stalac- 
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title. (JoLOUJl. —Whilei grey, vellow, red^ broivu^ etc;., the 
cotours olten blcDdln^ and changfin^ according to the direc- 
ticjii in which the stone is viewed, and displaying beautiful 
intErnal renectiDns and opalescence^ Lustre, —^Sub- 
vitreotisj transparent to nearly opaque. Fract,^ —C on- 
choidaL H .— —softer than quartz. Sp. Gr. — 2Si 
— lighter than quartz. 

Opt. Props. — B eing amarphou&t opaJ i&otropic be- 
nveen crossed nkols; In thin section^ colourless, with low 
refractive indent I’W, considerably lower than that of 
l>3jEsarTi. 

V'ARfETlES. — Precioul Opal Is the gem variety, exhibiting 
opalescence and a brilliant pby of colours^ Hydraphan^ is 
an opaque white or yellowish variety^ which when immersed 
in water becomes translucent and opalescent; pTyniite is a 
transparent colourless glassy variety, occurring Ln small 
botryoldai or stalactitic forms ; Afen/biff or lirer Opal is an 
□paque liver-coloured variety found in flattened or rounded 
concretions with pale exteriors^ as at Menll Montantj Paris; 
rPooiJ Opal is wood in which the cavities have been filled 
and the tissues replaced by opal; Sinter ^nmetimes 

consists of hydrouij^ sometimes of anhydrous sitica; it has 
a loose porous testture, and is deposited from the waters of hot 
springs; it occurs on a grand scale around the hot springs 
of TaupOj in New Zealand, and is common at the geysers 
□f Iceland and the United States ; from its mode ol ciCcur- 
renCftT it is called geyseriie; it lines the bores or tubes of 
geysers, and is deposited in cauliflower-like encrustations on 
the surface of the neighbouring ground; float .Stouia is 
a porous fiarm of sLIka which floats on water; it is found 
in the chalk at Menil Mcntant^ Pans^ Diatomaceous 
Di^tamiu, Ki^selgukr, is a deposit of the tests and skeletons 
of siliceous organiiims, auch as the algs and diatoms, and 
consists of opal; It forms beds in ponds and lakes^ and thick 
deposits occur Ln situatiDn& where siliceous volcanic emana- 
tioiLs have supplied abundant inattrial for diatom grow^th, as 
in the Miocene beds of California; the uses of diatomtte 
depend mainly on ihe size and shape of the diatoms: it Is 
used as an al^^orbcnt, as n polishing powder^ as a filtering 
medium, and especially as an Insulator for high tempera- 
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turesi LD cemeDti. g^^Iazus, pigments, and for a great variety 
of minor uses; the chief producers are United States, Den- 
markt Algeria^ and Northern [reland. 

OccLinflE^CE.—The mode!? of qcEarrence of many varieties 
have been given with their deiBcriptickns; opal itself is most 
likely a dried-op gel, and owes its distinctive properties to 
the re-filling of cracks^ produced on dry^ing, by sirnilar 
opaline material,—the films between the layers of slightly 
different character giving fisc to the play of colours (see 

33) ; it occurs filling cracks and cuvilles in Igneonii roek&i 
and also embedded in Hint-like nodules in sandstones and 
shales, etc. The chief producers of precious opal are Aus* 
tralia — New South Wates, South Australia,, and Quoctts- 
laodp — and Mexico. 

The Garnet Family. 

Introduction. —In composition the garnets arc es^niiady 
silicates of ya.riotis divalent and trivalent metals,, their 
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general formula being where is calcium^ 

magnesium, iron or manganese, and is iron, aluminium, 
cliromium, or tilanlunii The atomic structure of garnet has 
separate SiO^-groups which are bunded together by the 
metal ions which lie between them, 'ITie fallowing are the 
prlncipjil members of this family:— 

Grossttliir —c:;alcilim-aluimnlum garnet, L'aaiAl^[SiO^)j. 
Pyro^c—inagnesiuiii-aliiinLnium garnet, MgjAS^(SiO^)^, 
H'UfWflndiKC—iron-uluminium garnet, Fe^.4i3j(SiO^)^. 

Spe jfId Hti c —inpnga nese-almnini um garnet, 
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Jpifrradp?!?—iroii-caJciLitii Ca^ 

L^uti^nrj/if—Ezalcitim^iranimm gflrntt^ CajCr.{SiQJj. 

fn crysiaUography^ the garnets al] crysiaJJl^e in the cubic 
systemp and occur as rhombdodecahedra [liOj or trapezohedra 
(211Jj or as conibinations of these two fprmsj ss shown in 
123 and 124^ and Fjg\ 24a, p, 77- Garnets ooctir 
very rarely in one or two other cubic forms, 

Witt I regard to its chnractffKj: ufider f^ie fwicroJCOfr, 
garnet occurs In thin Sections as same what rounded crystals, 
traversed by branching crackSp and having no cleavage. 
The colour mosE usually seen js a slight tinge of pink. The 
refractive index is very highp var^UTsg between 1-74 and 1-94, 
and so die crystals have well-marked borders and a pitted 
surface (see Fig. 120). Between croHsed nlcols, the mineral 
Is tiormaJIy isotropic^ though sornetimes straiQ-polarlsatlan 

In the gar¬ 

nets range from 6'b to 
T^5j and m specific 
gravity from 3'5 to 4^3^ 
Their jfreafc is always 
white or whitish^ and 
S-heir fracture snbeon^ 
choidal or uneven. 
Garnets occ:tir in a 
variety of w ays^ depend¬ 
ing to some degree upon 
their composition. Gar¬ 
nets are oommon min- 
era! a in metamorphic 
rocks j such as the 
gneisses and schists of 
argillaceous sedimentary 
pareotagv, in cry stalline limestones, and in metamorphosed 
basic and other igneous rocks; some varieties occur as 
primary minerals to igneous rocks, especially of the syenite 
family; garnets are conunon minerals in the heavy detrital 
residues in sediments, 

Hbc JJ5CS of gnrni'ts arc two, ns an abrasive +nnd as a gem^ 


□r abnarmal twinning is shonm. 
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5toDe. Garnet is mined from aietamorphic rocks in the 
Eastern United States^ and from aUuviilJ deposits in Spam, 
and elsewhere* and la used as an abrasive^ ef^pecially in the 
polishing- o! wood. Many varieties are cut lor g^ems* some 
of the names of such gems being Hohemian Carnet, Cape 
Rubj’, carhunde^ qinnamon^stoiie, etc., in addition to the 
more scientific names of the garnet varieties; Garnet gems 
L-ome mostly froin Czechoslovakia^ Iiitiia^ Ceylon, and Sonih 
Africa. 

GROSSULAR, GROSiiULAHITE. 

CoAiP.—Caldurti alumtniuni silicate, CajA]^(SiOJj, 

Cryst. Svst. — C ubic- Cow. Form.—R hombdodecahe- 
dron* Colour, — Pale olive-green, or greenish-white; occa- 
slanallv yellow or pink, LiiErae. — ^VTtreoua; translucent, 
Sp, tJR.— 

%"aftiETV,—CtHiumiDn-^fone is a calcium-alLiininmrn garnet 
of a light cinnaTTion colour, sometimes yellmvish^ k lias a. 
vitreous resinous or dnJl lustre^ and Hat conchoidal fracture; 
Lt scratches qnariz with difEculty ^ it occurs in Aberdecitshke, 
Wkkiow, etc,, and Is used in jtwdlery. 

Tests.— Fuses easily; after "^nidon* soluble in hydro¬ 
chloric acid* pcldjng gelatinous silica on concent ration ^ 

Occurrence. —Grossular Is characteristic of metamor¬ 
phosed impure limestones^ Ln which it ts associated with 
other lime-silicates, such as idocrase, tvoUastonite* etc. 

FYROPB. PrecleuB Garnet (in pert). 

Coup,—M agnesiun] aluminium silitate, 

Crv^, Svst, — C ubic, Com. Form. — Rarely crystallised; 
usually in rounded or angular fragments. Colour. —E> eep 
crimson or mtdbeiTy colourn Lustre.—V itreous j trans¬ 
parent to translucent. Fract.—C onchpldal^ H. — T'5- Sf. 
Gr.—37. 

Tests. — Fuses easily; after ignition yields gelatiaous 
BtUca with hydrochloric acid. 

Occurrence, —Pyrope occurs in uLtrabaslc igneous rocks, 
such as perldqtjtest -^^erpentLne, etc,, where it Is associated 
with olivine, serpentine, chromite, etc,, as in Saxony, 
Czechoslovakia ; also occurs in detrital deposits as in Ceylon. 
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ALMANDINE, ALSIANDITEt Proclfliui {In pnrt)^ 

Cdhuddd CxBra^t (in p 4 Jri)« 

CoMiv — Iron aliimfinum silicate, Fe^AL(S10J^, 

Cii¥ST. Syst* — C nbic^ Com. Form-—C ombinatlan of 
rhonilxl^.w.kL’ahedron aod trapezolst^dron [&trc Fig^ i?4p p. T7j. 
CoLDLik.—Deep redn Lustre* — Vitreous. FttAcr, — Sub- 
conchoidaJ or rnievea. H. —0'^7'5^ Si*. Gr.—3’SL4'2. 

Thst.^—F uses to magnetic globule. 

Varieties.—C oni man Garnet is the brownish-red* trans¬ 
lucent, subtranslucent or opaque variety; Precious Gatnei is 
the deep-red transparent variety. 

OccukitEs'cs*—Almandine is an extremely frequent 
mineral in metamorphic rocks, mica-schists and gneisses; 
□iso in granites; in detrifal deposits, as in Ceylon- 

SPESSAKTITE, SPE5SARTINE, 

Comp.—M anguncM aEuminiitni silkate, 

Cry'st* Syst. —Cubic. Com. Form. — R bombdoderaiie- 
dron. Colour.—D eep hyadnth^ or brownish-red, LubtrEh 
^ — V itreous; slightly translucent on edges. Fhalt.—I mper¬ 
fectly coDchoida!^ 7-7*5. Sp. Gf* — 4'15-4 27. 

Tests. — Gia^cs manganese reactions before the bloivpipe. 
Occurresce. — A rather rare garnet oocumog occasionally 
in acid igneous rocks such us gran it es and rhyolites^ and in 
lowly melaniorphoscd sedimentary rocks such as those used 
as whetstones. 

ANHILADITE, Cmiunoa Gunet (in part}. 

CoMP- — Caldum iron silioatCj CaaFe^^\(5iO^)j^^ 

Cry ST. SvsT,—Cubic. Com. Form.—^R hombdodccahcdron 
and trape^ohedron fsec Fig. 24» p* 77). Colour.—|> ark 
brown, yelJoivish-green, or brownish-green. Lustre:.— 

Vitreous; opaque. H.—Over 7. Sp. Gh.—3T5^-7B- 
Test, — Fuses to rnagnetic globule. 

Varieties .-—Coiaphonite is a coarse granular variety+ 
with a resinous lustrei and of a dark reddish or brownish 
colour; Pyreneafe is a black or greyish-hladt variety, gener¬ 
ally occurring in small opaque rbombdodecabedra, as tn 
limestone in the Pyrenees; Melamte is a black variety^ either 
dull nr with a vlirttous lustre, occurring in alkaline igneous 
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rocks such as nephdioe-sj-enites; TapotoUte is a transparent 
ydlow or greeD topaz-likc variely; Demanioid is a bright 
g^reea variety iAs*d as a g:enj, 

OccLrfESENCE,—Andradite occurs in igneous and mctamor- 
phic rocks of many kTods. 

UVAROVim 

Cowr.*—Calcinm dtroniiuin silicate^ CajCr 3 ^(Si 04 )g. 

Chyst. Syst.—C ubic. CdM- FoftAi. — Rhooihdodccabe- 
dron i CoLOLi R.—Emerald-green. Streak .^Greenish-wb ite. 
Lustre.—^^^ itreous; rranslwcent at the edges, —T'5- Sp. 

Gk.-^- 43 . 

Tests. — H eated alone before the blowpipe, infnsibk; 
gives a clear chrome-green borax bead. 

OcciTRRENCE. — In serpentines rich in chromitep as in the 
Uraja^ and Unst m the Shedands, 


The Epidote Family. 

Introduction.— In chemicaJ composition the group of 
minerals comprising tbe Epidote Family are compteac basic 
orthosilicatcs with the general formula 

where R^-^^ calcium and irorip R^^^=ralnminitimp iron, man¬ 
ga nesCn cerium^ etc. The epidotes art all similar in their 
atomic structure, and may be classified by mearES of their 
crystal system.s into z -— 

OnTHORHaaiBlC EpJtlOTR. 

Zoisit^. CiL,Al,(SiOJ,(OH). 

MotfCiCLiMC EFJijorrE. 

Clint^soisiie t Ca^Al^ (Si O(O K). 

Epidofu^ CaH{A1 ^ Fe|^ [S H], 

Pjedfijon the * Ca^(Al, Fe. MnJ^(Si Q J, [OH}. 

.-I e, OrtkHe, (Ca, Fej^lAk 1 *e, CeJ ^ (SiOj[O H) ^ 


ZOISITE. 


Ortborbomhic Epldate. 


Comp. — B asic silicate of calcium and aluminium^ 
Ca^l^(SiOJ^(OH) or ACaO.XAl^O^.fiSiO^.Hp; replace¬ 
ment of aluminium by iron provides a transition to epidote. 

Cryst. Syst. —OrthocHombic. Com. Form. — P rismatic 
crystalsj often striated longitudinally; commonly columnar 
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□r niassive, Cleav, — P erfect paraliel to the Ijrachypinacoid 
(OJO). CoLoun.—%Vliite+ ETcyt greenish, sometimes rose- 
rctl [hUSTRF. —V ilreous^ transparent lo trans- 

lacent. Se. Gr.— 

Opt* Props, — In rock-sections^ zoisste appears usual Ey as 
shapeless grains or prismatic crystal sections; usually 
colourlessp but picochroic In pinks in tbulile; refractive in- 
dices high, e.g. ci=17CK>, y=l’7lS: abnormaJ 

polarisation colours, — inky-blue usuaJIy—in certain sections; 
□plicaily positive, variable optic axiiat angle ^ 

VARrrrVr — Thalit^ is the rose-pink variety already men¬ 
tioned. 

Occurrence*—O ccurs In nfietamorphic rocksp especially 
tliGse formed from igneous rocks rich ifi lifne-fclspars, gab- 
bros, etc., and where it is of Jen accompanied by metamor* 
phic ampbibolcsp — ^as in the grecnstoiieSi amphibolites and 
the like] also in metaTnorphosed impure limestones; occurs 
commonly as a constituent of saassunis, a mixture of epi- 
datesp albitCi etc., resulting from the alteration of Jime- 
plagioclases as in ibc saussurite-gabbros, 

MonocUnk Flpidole. 

CLmOZOISITE. 

Comp.—L ike zoisitC;^ basic silicate of calcium and alumi* 
niiim^ Ca^A]^{SiO^),(OH); iron usually presentp providing 
a tratisitiQn to epidote, 

Cbtst* Svst.—M onoclinic* Com* Form.—C rystals like 
those of epldote. Coi-OUR.— Orey or greyish-white h H. — 
6-7. Sf*. Gr, — Props.—I n thin secdon. 
colourless or faint ydlow-grecn; refractive index high, 

1 720; birefringence lowp — polarisation colours of low order, 
but the abnormal inky-blue colour of zoisitc not shown; 
optically positiv'CT distinguishing it from epidotei 

OccuRBESCE.—As a secondary mineral In igneous rocks 
where it is produced by the alteration of ferromagnesian 
minerals and of calcic plagioclase, and as a constituent of 
metamorphic rocks derived from basic igneous, and impure 
calcareouSi rocks* 


elements of iClNKIlAr.OG’¥ 




EFii>am PifltMit#. 

Comp.— silicate of calrliim, alumiaiuni and iron, 
nr H,0.4Ca0.:i(Al 

Crvst^ Sybt.^—M orioclinic, Com. Form,—C rystals don- 
gatt-d alon^ the l^axis, as sbo^vn in Fig', i 20 ; in dtvergent 
aggregates and granular masses. Cleav.—P erfeci parallel 
1*0 the basal plane. Colour.^—S fiades of green,—pistachio^ 
green, blackish-green, dark oil-green : red in wUhamite. 
Lustre.—V itreous ; transparent to opaque^ Fa act.—^U n- 
even* H.— 6 - 7 . Sp. Ga .—3 25-3 5 , 

Oft* Props,—T he shapes of sections arc either eiongated 
nr rminded(—rare sections parallel to the clinopinacoid arc 
six-sided^ and show the basal cleavage paj:alJe| to a pair of 
the edges j faintly or markedly plcochroic in ydlows and 
yellcnv-greens; refractive indices high, e,g, a=l‘ 733 , 
l' 75 oi y^PTflS; birefringence strong,—the polarisation 

colours being bright 
2 nd and 3 rd order 
colours; optically n^a- 
tive, large optic axial 
angle. 

Tests,—H eated be- 



T'JC. ] 2tl.—Kpidulc. 


lore the blowpipe gives reactions for iron. 

VAniFTlES.^-Pi^facit^ is a plstachio-grecn variety ; j^reta- 
daliU Ls a varlet)^ from ArendaJ in Norway, Mcurring in 
very fine crystals, exterrialJy blackish-green, and of a dark 
oil-green oo fractured surfaces; jFil?tafrt;tte Is a red variety 
occurruig m andesites in Glencoe^ Scotland^ and in thin 
section strongly plcochroic in red and yellow. 

OccURHENCE r^ Coiiiiiio nly [n met amorphic rfKks, chiefly 
those of two derivations,^froni impure calcareous rocks or 
from igneous rocks rich In Lime-felspar; epido^ite ia a meta- 
morphic rock formed almost entirely of granular epidote; as 
an ajteratEOn-product of many ferromagnesLan rock-formlng 
Silicates; believed to occur as a primary Igneous mineral in 
certain granitic toclra, 

PlEDMONUm 

CoMp.^—Hydrous^ silicate of calduin^ nlumlntum, iron and 
manganese, Ca,(Al, Fe, Mn ) SiO 
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Characters and Occurrence.—A maDg^iferous cpiHate, 
of a dark reddish colour^ showing" in thin sections a strong 
pleochroism in yellow, violet and red tones, ^ = 1-78, bire^ 
fringence strong, optically positive; crystal characters Like 
those of epidote; heated before the blo^^^ipe, fuses readily 
to a black glass^ a cliaracter distinguishing U from pistacite 
and zoisito, which fuse only on thin edges; occurs as a con¬ 
stituent of certain nietamorphic rocks,—piedmontitfi-mtca- 
schists, etc., and as a secondary mineral in some porphyries, 
as in the classical pi^rfid^ antico rosto of Egypt. 

AUUNITE, ORTHITE, 

COMK.—Hydrous silii aLi;- of I’nk-iiim, alurnrniunu rrcm jiiid 
the ccriiun me tali;, (Ca,FcyAl,Fe,Ce)j{SiOj)j(OH). 

Characters ano Occurrence. — A cerium-hearing opitlote, 
brown to black id colour, oircurrmg jti tabular or prismatic 
crystals, or in grains; in thin section, shows strong pleo- 
chroism in shades of brown ; rcfracfrvc index high, polarisa¬ 
tion colours of high order but usually masked by body- 
colour; aflanlte often forms a core to epidote crystals; 
occurs as an accessory mineral in granites, sii^enJtes and 
dloritcs. Or in their metamorphic derivatives^i 


SPHENE, TlTANim 

CoAii'.—^TI tana to and silicate of caJcluin, CaTiSiO^, 

Crvst. Svst.—M onoclinic. Cqai. Form.-C rystals usually 
wedge- or lozenge-shaped in habit; also massive. Twin¬ 
ning.—R ather common with twin-plane the orthopinacoid 
(100 )h and alsn on Other laws, not so common. Cleav,— 
Fairly good prismatic. Colour. — Brown, green, grey, ycb 
low or black. Streak.--W hite. Lustrf,—A damantine, or 
resinous; transparent to opaque. Fract — Imperfect coji- 
choidal; brittle. H. —5“5'5. Sc. Gh. — 3-54. 

Otrr. Props. — In thin sections, sphene occurs as four- 
srdid lozenge shaped forms, as shown in 133, or ir¬ 

regular grains; colour in general greyish-purple in soda^ 
rich rocks, and broivn in soda-poor rocks, but may be 
colourless, or yellow; pkochroism marked in many varre- 
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ties, and oiay be colour]to plum-red; refractive indc^ 
very high, ^ averaging' about i'9: birefringenc* u^unUy 
very strongs hot the faint polarisation colours are usually 
masked by tbe body-colour or lost by total reflection; bsaxtab 
optically positive^ 

Tests.—H eated before the blowpipe, the yellow varieties 
remain unaltered in colour, but the rlark kinds become yel- 
loiv’^ partly soluble in hot hydroubloric acid^—on the addi¬ 
tion of tin, the solution becomes violet when concentrated. 

Varietees,— frrrenoTfiifi i.s a sphene containing a little 
manganese oxide, and Is red or pmkisti in colour; l.eucoxenf 
is an alteration ^product of Ilmenitc and other tJtaniferous 
minerals,—the product has been differently detertnitied as 
sphene, anatase, etc., but is most probably an amorphous 
hydrated titanium dioxide most sections of ilmenite .show 
this alteration especiany well in reflected light as three sets 
of lines or stripes making equal angles with one another. 

OccuRREsce. — Occurs as an original min eta] in acid 
igneous rocks, generally in accessory amount^ but more 
abundant in rocks rich In 15me, as for example the contact- 
meEamorphosed bmestones. Leicc-ojrejie occurs as an altera¬ 
tion-product of ilmenite and other tltanifergus minerals^ 


TOPAK, 

CoMP.^^ — Fluo-silicate of aluminium, ALF.SiO^; part of the 
fluorine may be replaced by hydroxyl, OH- 

CavST. Orthorhombic. Com. Form.^ — Prismatic 

crysials made up of prism (llC), brachypinacofd [(IJO), basal 
pinacoid ((X)L1, brachydome (041) macrodome (£01) and 
pyramid (111), as shown in 127; anotlier topaz crystal 
Is ligured and described on p. 112; also tolumnar or granu- 
tar. Cleav. — Perfect parallel to the basal pinacoid. 
Colour, — W ine-yellow, straw-yellovi', \vhitC| greyish and 
sometimes blue or pink ; the pink colour of nuich of the 
topaz sold by jewellers however, produced by artificial 
heat^ the stone being wrapped in amadop (a kind of tinderji 
w^hlch is ignitctl and allowed to smoulder away. Streak, — 
ColourleEs. [.ustrv_^—V itreous; transparent to subtranslu- 
cent. Fract. — Subconcholdal to uneven. H.— 8. Sp. Gh. 
-^ 5 - 3 - 6 . 
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Opt- Props.—U nder the microscope * topaz is colourless; 
the basal cleavage is usually well-marked; refractive iride^ 
much higher titan tluit of quartz, e.g^ 
019. y = l fi27. so that the 

relief is distinct; birefringerice low,— 
polarisation colours like those given by 
quartz; biaxial, optically positive; dis- 
tiogaished from quartz by hiascial char^ 
acter^ cleavage and higher refractive iu- 
des. Tests. — H eated alone^ , infusible ; 
the powdered mineral, when heated, 
moistened with cobalt nitrate and re¬ 
heated» assumes a blue colour * due to 



i-lG, 1J37^—Topaz, 


aluminium; when fused with microcosmic salt gives off 
silicon ffuoride which etcher the glass- 

OcctiHEExcii-^Topaz occurs in acid igneous rocks, 
granites, rhyolites, etc., and good crystals are found project¬ 
ing into druses as in the Mourne Monnlaln granite, and m 
the lithophysal cavities of rhyolites, as in Colorado- It is 
also a mineral which occurs in tin-lwaring pegitiatitEs and in 
tJti veins generally, associated with other pneumatolytic 
minerals such as fluor-^rpar, casslterite and tourm^ne. It 
is found also in the acne of contact-alteration adjacent to 
granite margins. 

UsE.^—As a efemstooe; the chief sources are the Urals^ 
Brazil,'Japan and Southern Rhodesia. 


The Aluminium Silicate Family- 

In trtiduct ion.— There are three aluminium silicates of 
the composition AUSiO^j namely :— 
dndalif^iUp orthorhombic. 

SdJimnnite. orthorhombic. 

Kvamic, iriclinic. 

J he wslnl-strurtures of all three miftefak are closely 
similar- 

The aluminium silicates occur in rnclamorphte rocks 
mostly of argillaceousp or dayey. composition. Which of 
the three forms shall be produced by the melamorphism de- 
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pend.s upon the physical factors in action during iu ^Thus, 
andalusite is formed under fatrly high lempcratLires and 
low stressJ ^ that it is typical of normal thermal aureoles 
around intrusive Igneous rocks ^^sillimanite is produced at 
a higher tcmperadirc and is stable under a certain amounl 
of Stress/so that it Ls found In rocks of the innermost zone 
of thermal metamorphism or in regional metamorphic rocks 
of h^hest grade f kyanite is the form stable under stress/ 
M that \i characterises regionally metamorphic rocks of 
intermediate grade and is absent from normal contact 
aureoles. The form arising tinder one condition of mcla- 
morphism may be unstable under fater condltiooSp the 
andalusitc-hor^elses of tJic inebbae aureole in Ross-shireT 
Scotland, arc converted into kyajiite>schists bv the later 
regii>nal meEairiorphism; converstdv. In Ath^rdeensllire, 
kyau’ite'Schlsts are changed into andaJusite-homfcJses on 
thermal met a morphism. 

Andahisitc Ls distinguished from sillimanite in thin sec¬ 
tion by Its neg^itjvc olongadon (see p, ; kyanite shows 
oblique ejftinction in certain sections in the prismatic scone- 

The naturally occurring alutnlnium silicates are Indus¬ 
trially important in the manufacture of refractory materials» 
os the porcelain of sparking-plugs^ etc* Deposits of various 
types occur in the crystallltie schists and have been worked 
In California and the Eastern United Statcs^ and in India 
(SinghbumJ and Assam. 

tn addition to the aluminium siTicales already tneiitioned, 
there IS hJ&o a compound, of rare occurrence in naturCi 
kno^vn as midhVr, AIhSLOi^, 

ANDALUSITE, 


CoMf.—.Aliiminitim silicate^ AI,SiO_ 

CnvsT. S VST,—Orthorhombic, Com. Fojih.— CryslaJs 
tom moil {see Fig. I£8)^ made up of a nearly square; prism 
(IJO) with basal plane {00l| and sometimes a smatl brochy* 
dome (Oil): aUo granular or massive, CLEAv^Poor, parallel 
to the prifiin. Colour.— Pearkgrey^ purplish-red, flesh-red j. 
often altered an the ouLside to silvery mica. LusTEli.— 
Vitreous; translucent to opaque. Fract.—LW vea. tou^h 
H.—75- Sp. Gh.—31-3 3. 
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Orx* Props.—I n thin section^ ap|>ears as grainsp ag^4f- 
or cross-sections of crystals^ colourless but sonietimes 
patcblly picochroic in pink to colourless; refractive intdiCcs 
moderatefy hi^h* e.g^ a = ^ = 1"C543; bire¬ 

fringence wcakp—^polorisalion coloi^rs being' little higher 
than those of quartz; negative elongation« the fast vihra- 
tion-dtreclioa coinciding with the length of crystals; biaxial, 



Fig, 1^^ —An- 
dalufite. 



Fin. 129.- 
ChioatoIitE. 


optically negative, a basal section yielding an acute bisec¬ 
trix figure, with large optic axial angle; the variety cliiaj- 
(see Fig- 1!J0| p. 400) shows in secdon black Indus ions 
arranged in a cross-shaped pattern. Tests.—H eated before 
the blowpipep infusible; not acted upon by acids; gives a 
blue colour when heated with cobalt nitrate solution on 
charcoal. 

VARIETIES.—ChJcs^<?^^^F or Mfide is a variety found in 
some met amorphic rocks, and in certain slates, such as the 
Skiddaw Slate of CumberlajLd, and the Killas of Cornwall 
resulting from the contact-metamorphism of argillaceous 
sedimentsp The crystals when cut or brokeo across exhibit 
dehnite cruciform lozeoze-shaped or tessellated markings 
which are due to impurities eneJosed in the crystals during 
their formation. The British cxamplics are small, but 
crystals from foreign localities attain considerably larger 
dimensions. The comers of the crystals may wear away^ 
thus producing a form simulating that of a twin crystal as 
shown in Fig. 120; jUiingfiniindjihi.rifc or Vmdinc is a 
manganiferous variety of andalusite* 
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Occur REKCE.—-AodstustJ^ occurs in nietamarphoscd rocks 
of clayey composition^ as In the andalusitt-hornfehies in 
thermal aurcolES^ formed under coodUlons of high tempera- 
tures and low stress^ and in regional met am Orphic rocks, 
such as the andalusiie-schistST wtich are mostJy unconnected 
with definite igneous iotnisions but were presumably 
formed also at high temperatures and under low stress p 
andaluslte occurs also as an accessory mineral In certain 
graniles, e.g^ those of CornwaJlt and its presence in such 
rocks is often connected with the presence of argillaceous 
itictuslons in The igneous rock. 


t'li.. IJO.—Atuuiini um BilicatEs in Lhm Motion; left, tyanite; centre, 
audaitEsilB {diiAStoli Ie) + tig hi, siUimon itE^ 

aiI.LIMANITE. Fibralite. 

Comp.—A luminturn silicate^ Ai^SlOg* 

Cry ST. SvHT.^—Orthorhornhlc. Com. Form. —Usually oc¬ 
curs as long needle-shaped crystais and in wisp-hke aggre¬ 
gates. ClEAv.—■Perfect parallel to the brachypinacoid 

(010) H Colour. —Shades of brown, grey and green ^ 

Streak. ^—Colourless. Lustre. —Vitreous; transparent lo 
translucent, Fract,—U neven. H,—^6-7. Sp, Gr,— 3-23- 
OtT. Props.— In thin section appears as colourless long 
slender crystals^ with a cross-fracture, or else as diamond- 
shaped Cross-secthaus (sec Fig. 13fJj, or ns mats of fine 







1 isL 





THE DHSCRtPTtON OF MINERALS 


4011 


fibres; refractiYe indices high, higher than those of aiidalti- 
site^ a=t‘659p j9“l’06Op y=l'680; birefringence also 

stronger than with anrfalnsite, giving nsnaJly ftecond order 
polarisation colours; j>ositlve elongation {slow along length 
of crystals) — a disunctlon from andalusite; biasrlal^ opticaJty 
positlvoi the diamond-shaped basal section yields An acute 
bisectrix figure with small optic axial angle^ the optic axial 
plane being paraUel with the cleavage; silUmanitc is dis¬ 
tinguished from andalusite by positive elongation, positive 
sign, smaUer optic axial angle, higher refractive index and 
birefringence. 

UocL'KBEKCH.—Occurs in the inner Konc of hornfelses re¬ 
sulting froni the contact-metamorphiso] of argillaceous 
rocks, and m high-grade regionally metEitiorphosed rocks of 
similar Composition which have been metamorphosed under 
high temperatures and moderate stress. 

KTANETE, Cymnite, Dlslhent 

Cqut. — A luminium silicate, Aij^SiOj;- 

Chvst. Svst.—T riclinic- Com* Form. — Usually occurs 
in long, thinp blade-hke crystals, embedded in schists and 
gneisses; sometimes in radio Sing rosettes embcd<]ed In 
rfuartz, Cleav,’— Parallel to the pJnacoidSp tliat parallel to 
(100) being the best. Colour.- —^Light blue, someEimes 
white, sometimes with the middle of the crystal blue and 
the margins colourless; also grey-green, and rarely black. 
Streak. — White. T,ustre.—O f cleavage-faces, rather 
pearly; transparent to sublranslucent. H.—Varies on dif* 
ferent faces, 4-7. Se. Gr.—3 6-3-7- 

Oer. PROea.—In thin seotioUp usually colourless, rarely 
pale blue; if coloured, Is weakly pleochroic; sections usually 
elongated, and slio^v good clcavage-cracks (see Fig. 130); 
refractive indices high, e.g, .i=1712, ^-1-720. — PT^r 

higher than for andalusite or silllmanlte; birefringence 
loWTshp first to low second order polarisation colours being 
given; certain sections in the prism sone show oblique ex- 
Einction, up to 30—a distinction from andalusite and silli- 
manite; biaxial, optically negative, large optic axial angle. 

Occurrence.^—C haracieriatic of argillaceous rocks meta¬ 
morphosed under high stress and moticrate temperature, — as 
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1q the kyaDitc-gncisses and schists; aJso In cclogfltesT— 
basic Igneous rocks metamorphosefl under high-grade con¬ 
ditions. 

MidJlU^ 

CHAILJICTEBS AMD OC€UlK£NCK.—OocnfS SA drltuDlhOnibic pri^ilUi 
with Lbg Appearance oE EiUimBakEe; £ist found In aattirc in 
fused by t mmp rBjgjt in bilsic Enagnsa in Muh, Scotland j foimed Vk'hen 
athcr Bimniniufiii silicates ate heated^ aod pFoduced comEuetciftUy in 
Ibc electric fumaceL 


STAUSOLITE. 

Comp. — Silicate of iron and aluiiiinnitii, probahly 
FeAI^Si.Oj^^(yH) 2 j or 2(AI^Sir>j)*Fe(OHJ^. The structure Is 
composed of attemate layers of kyanite and iron hydroxide; 
magnesiuTii and taangiincse are usufdly present. 



f‘Tr.5; 131 asu laJ.-^Stnarolile I'wint. 


CjtViT* Svst*—O rthorhomhic. Com. Form--—O ccurs in 
prismatic crystals made up of prism (!1D), brach^^inacoid 
fOlOjj. basal plnacoid (001} and somelimes a macrodome (iOlJ. 
TwtNNENG.—Twinning common on two laws : the first on a 
pyramid [ 232 ) as shoivo in Fi^. 131^ and the seennd on a 
brachyrkime a^ shown in lyp (sc^e also p. 

Cleav. Interrupted^ para ltd to the brachypinacoid [DIO). 
Cololtr, ^Reddisb-broivn, brownish-blacky sometimes yel¬ 
lowish-brown. Streak.- —Colourless or gr^ish. Luster#— 
Subvltreous to resinciiiBi crystals usually have dull rough 
surface; translucent to opaque, usually opaque. Fraot.—■ 
Conchoid a]. H.—7-7'p. Sp. Gs.—37. 

Opt, Props. thin srcctions, appears as yellow to red- 
brown crysiai'sectionSj markedly pieochroic jo ycUow' and 
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brownlsh-yellow shades; tivmoin^ often seeop cJe>^va^e not 
usuailjr' observed; rtfractivie index bl^hp a= l"736^ 

1 *7 41 p y = 1 -746; birefringence ]o — polarisation co lours 
slightly higher thati those of quartz; biaxial, optically posi- 
cive, large optic axiaJ angle. 

Tests,—T he irarieties containing manganese fuse easilv 
to a black magnetic gJass^ but the other varleiies arc in^ 
fusible. 

Occuhrexce, — I n metamorphic rooks resulting the 

metamorphism of argillaceous and related rock$,—stauroLlte- 
schists and gndssosp in which it as associated often with 
garnet and kyanite. 


MELlLlTiL 

Gqmp*—E sscntiaUy Ca,MgSi^O„ with some substitution 
of Na for Ca;^ and Al for Si or Mg. 

Characters akd OccuaREscE*— A teLragonal mineraJ oc¬ 
curring in tabular crystals or grains, of white, yellowish or 
greenish colour; in thin sections yellowish or colourless, 
with moderately high refractive index, R.g. us f -034, s= 
T629p and very weak birefringence^—often inclusions shaped 
like pegs are seiin, running parallel to the i?-axis and thus 
across tabular crystals; decomposed by hydrochloric acid 
with gelatiniaalJon; merdite occurs io lavas of basic tj-pe, 
low in silica and wnthout felspar, — melilJte-baGalls, and 
ncpheline- and leucite-basalts; a common constituent of 
xlags. 


IDOCRASE, VESLIVIANITE. 

Comp.—S ilicate uf calcium^ aluminium nncl miignesiurn, 
widi some repJaceimcnt by Iron. X-ray analysis has shown 
that both SiO^ atid SijO^ groups are present, giving thv 
fonimla: 

Cryst. Syst.—^^ retrag^anal. Cpm, FokU. — Crv'sttals pris- 

matiCj usuaUy with pyramids and prisms of bath orders and 
bnsal pinacold ns shown in Fig* 38, p. yi; ;ilso massiveH 
Cleav. — N ot very distinct parallel to faces of prism of first 
order (110); basal deavagc more imperfect still. Colour. — 
Brown^ green, yellowish. Streak, — White* Lustre, — 
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Vitreous or vitro-resinoLis; subtransparejit to subtraiislucenU 
Fract.—^S ubconchoid^ or uneven. H,—6 &. St, Gr.— 
335 ^ 45 . 

Opr. Phots.— In tliin colour Is pale ycJlowisb- 

brown Or colourless, beautiful zoning- somutinies seen; pko- 
chroic only tn thick plates; refractive index blgh^ e.g. about 
1~73; birefringence weak, and abnormal ultra-blue polari&a' 
tion colours usually shown and often patchily diiitributcfl; 
optically negative, but somefimes optically positive, but 
optical character often iliHicult to determine because of tbe 
low' birefringence. 

Tests.— Before the blowpape, fusible wdth intumescence, 
forming a greenish or brO’^vnish glass. 

OccuHRJLNCE.—^OccuTs, associated with grosbular, Wol¬ 
laston ite> scapoliteT in impure limestones which have 

been subjected to contact-metamorphism, as in the liffle- 
stone blocks ol Monle Somina, Vesuvius; also in rocks of 
^hnllar composition in areas of regional meEamotphisni as 
in the Loch Tay Limestone of Scotland. 


T0LIRAL4LINE. 

Coup. — C omplex borosilicate of aJuminium, together 
with alkali metaJsj Iron or inngncsium. The structure is uf 
the Si^O^-nng type {p. 140J, with a general formula: 

XVJV^.[(A^HSt|Voj,(OH.F),, vhErc X^Na.Ca, and 
Y— Mg,Fc, or Li. Varicticb ariae accurding to which jnetids 
are present, e.g* cummon tourmaLIne conEaLnsKajCa^Mg, 
and 

Crvst. S VSTHexagonal, rhombohcdral-hemi morph ic 
{see p. 101 L Form,—P rismatic crystals three-sided in 

cross-sectionp with hexagonal prism and trigonal prism« 
terminated by rhoanlxshedron; bemimorplhc (see p, 101) 3 
needle-like crystals common, often la radiating groups; also 
massive, compact or columnar. Cleav. — ^R hombahedral 3 
diflicoU. Colour.—C qminonly black or bluish-black; more 
rarely bluep Or red, and very rarely colourless; colours 

sometiints arraoged to zones about the vertical axes of 
crystals. Streak.—C olourless. Lustrb.—V itreoua; tran^ 
parent to opaque. Fract. — S ubconcholdal or uneven; 
brittle. H — 7-T5. Sp. Gfi.—2 fli8-3'2. 
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DtT. Pbops,—U nder the microscopep lourmflliric occurs 
«iilhcr a5 three- or six-sided cross-^ecllDns^ or as badly 
terminated elan^ted long^itudinal seclioiia, or cl sc m groups 
of nadinting netitlks (see Fig. iiU^J ; colour is U-spaUy dark 
brown, green or yellow, Tvith strong- pleochjoism in these 
colonrs — g-rcatest absorption occurs when the polarised light 
vibrates across the lerigth of the tourmaline prism; pleo- 
chroic halos com moor refractive index hi^h, e.g. ut^l^&A2r 
e=t'G22; birefrin^nce moderate» but polarisation colours 
of ted masked by the stroii|T body-colour; elongation ncga- 
tive^ lenR^-fasi ; uniaxial, optically negative^—basal sec¬ 
tions give a negative uniaxial interference-figure. 



Tests.—H eated before the blowpipe, dark varieties in* 
Eumesce and fuse with difhculty; red and green varieties only 
become milk-white and fuse slightly on the edges. 

Varieties. — / fubel/ffe is a red or pink variety, trans¬ 
parent and sometimes cot as a gem; Jndreoh'^e Is an indigo- 
bliie variety; BraBilian Sapphire la a transparent Berlin-blue 
variety^ cut as a gemstone; BraEilian Fmerald is a transr- 
parent green type; PerijJof Ceylon is a hooey-yellow 
variety; Schorl is the black opaque variety occurring as 
aggregates of necdle-fike or colutnnar crystals as in the 
granites of Cornwall. 

OccLiKREXCE.—Occurs es an accessory mineral in many 
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granites, syeniles and tlie more acid rocks generally j cona- 
ntonly in pegmatites, and as a product of pneuinatolytit: 
actiont both in the parent Igneous rock and in the adjacent 
oou 111 ry-rock; it may also occur associated Id veins with lead 
and cohalt oimeraKs; tourmaline is common ns an accessory 
component also of various metaniorphic rocks^ mica-schists, 
gneisses, crystalline limestones, etc., and in soma cases Is 
there produced by vapours traversing the rocks during the 
metamorphic period; finally k occurj^ as a common heavy 
residue in many sedimentary rocks. 

Uses.—S ome varieties, as already noted, are used as 
gemstones; diese gem varieties come from Srajiik RussiSi 
Nfadagascar, and the United States. 


COHDIERITE, lohtet Dichrahe. 

CosjF.—Silicate of aluminium, iron, magnesiarn, with 
wati-r^ probably (Mg,Fe).AI^(AISL. the rnlio of 

magnesiiirn ir.i iron varying. The KlrLiciure is related lo thni 
of beryl 

Cryst. Svst, — Orthorhombic. Com. Form- — Short 
pseudo-heMHgonai crystals; usually granular or rnassive. 
Cleav.— Poor parallel to the pinacoids. Coi.oup,—Blue of 
various shades. Stheak. —Colourless. Lc'stre. — Vitreous; 
transparent to translucent. Fract,—S ubconchoidal; brittle- 
H.— T"7'o. Sp. Gr.— 2'fi^2 T. 

OtTT* Phops, —Usually colourless in thin sections, but is 
markedly pleochmic in thick sections in blue and yellow 
tints; refractive indices near those of quartz and balsam^ 
&= 1-535, ^ = l'540p y = l'544; birefringence near that 
of quartz but usually slightly higher,—in than sections in 
which the highest polarisation colour of quartz Is first order 
grey+ cordierite often gives first order yellow; twinning in 
sectors often shown; pleochroic halos around zircon inclu¬ 
sions often seen; alters to a yellowish micaceous product, 
pintle^ often at the margin and along cracks; biaxial, usually 
optically negative; distinguislurtl from quartz by its bia^sial 
character and alteration. 
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tlffitbd before; the blowpipe, L'ordierilc loses 
tfausparencj^i and fuses with difBcuLty on tlie edges; the 
glassy or resinous appearance is GharaGtcristic^ and iusi* 
bility DU the edges distlnguishis cordieritc from quartz; it 
is much softer than sapphire. 

OcciJBPKSGE^—Cordierite occurs chiefly in tneianiorphic 
rocks both of regional metamorphic origin as io the oor- 
dicrite-gncisses of high grade, and of contacl-metanjorphic 
origin as in the cordicritc-honifels of argillaGEous composi- 
tion ; also occurs as a magmatic mineral in norites due to 
coQtamination of gabbro magma by argillaceous sedimeDts^ 
and as pinlte pseudomorphs In granites^ and in other igneous 
rocks. Uses.—S oinctimes used as a gemstooe. 


The Chloritoid Family. 

Introdnetlon.— Chloriioid is the chief member of a 
group of mineraJs known as the Brittle since they 

reseuibte the micas in form^ cleavaj^e and structurE, but yield 
brittle lamLna&. CEilorttoid is a basic sdicatc of aluminiujn, 
iron and magnesium^ 

CHLORITOID* OttreUt*. 

Comp.—S iJiLvtte of ulimiimum^ calcium, iran and mag¬ 
nesia, {Ca,Fc.Mg)AL(AE,Si,jO,,tOH},. 

Crvst* SYSTi—Motiodinicf?) or tricimic. Com. Form*— 
Crystals tabular, also in laths and plates. Cleav. — B asal 
good, the lamime being brittle. Cqlolir.—D ark-green and 
greenish-black. Lusthe. — P early on clcavage-sur faces, 
H —0’D* Sp-f Gp. — 3'b. 

Orr. Profs. — I n thin section gives plates or lath-shaped 
oudines; markedly pleocfirolc in shades of green, greenish- 
blue ancj yelloMdsh; lamellar twinning often seen; refractive 
indices high^ birefringence low^ about that of 

quartit; optically positive; tha combination of high refrac¬ 
tive index and low birefringence distinguishes cblorltoid 
from the micas and chlorites. 

OccuBRExefi. — Occurs only In metaniorphJc rocks of sedi¬ 
mentary origin, especially those of argillaceous composition 
metamorphosed under strong stress. 
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Hydrous Silicates. 

In trod action, — This division includes talcn serpentine 
and TiiLerschaLiiti^ wiiich are atl hyctroiLs silicates of 
nesium. Talc and serpeotine are monoclinic in crystallisa¬ 
tion ^ meerschaiirn is amorphoLis. 

SeTpLHiiuL\—Mg^S\p,^{OH)^, 

^ t eerscha ti w . — g O JDH)^ . 

TALC. 

— HviJiTjtJs mn^^esliim 

Cbvst- — Probably monDclloIc, Cosi. Fofm- — 

CrystaJs rartp tabular; often massive with foliaceous siruc* 
ture; also granular-Tnassivet compact and cryptocry staHipe. 
Cleav,- — P erfect basal, thin plates which arc flesiblc 

but not elastic: (cp^ mica). Colour. — White, silver}' whiten 
apple-gfreen^ ^rccnish-grey, dark green. Lustre. —Pearly; 
subtransparent to translucent. Feel.^—^G reasy, H.—1 [ 
softest grade in Mohs’ scak; cut easily w'ith a knife, or 
scratched with a finger-natL Sp* Gr.—2'7-^'8. 

Opt. Props h — LfsuoUy occurs under the microscope as 
laths^ wisps or plates in schistose rocks; colourless; refrac^ 
tive indices niostiy higher than that of baLsam, a5=l"530i 
^ = 1 '5S0 p y = 1 'bSO ; birefringence st rong, —pol arisation 
Colours delicate high order pinks and greens; optically 
negative, small optic axial angle; talc in section resembles 
muscovite, but Is readily distinguished in Ute hand-specimen 
of the rock, and also by its usual associates in rocks, — ser¬ 
pent] ne, chlorite p tremplitCp etc. 

Tests.—H eated alone before the blowpipe, whitens and 
exfoliates, fusirig to an enamel on the edges only; not de¬ 
composed by acids, except the variety rensselaeritc. 

Varleties,— Steatite, Soapsians is a massive variety of 
talcp mostly white, or grey of various shades^ sometimes 
greenish or reddishp and having a greasy or soapy feel; 
Potstone is an impure massive talc or soapstone, in colour 
^cyish-green, dark-green, iron-grey or brownish-black; it 
Is easily tumt.'d on the lathe and, as It stands the fire -welli 
it is made into vessels for cooking; Renss^laerite is a variety 
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of soapEitone pseudotiiorpFious afto pyroifune arnj occurring 
it] Jefferson County, N'ew York, and Canaila; it tnkes a 
high polisii and Is made into inkstands and ornamental 
articles; colour is ^vhlte, yellow or blackp and it ]$ harder 
than normaJ talc: Frrfiici^i ts a steatite used bv^ tailors 

/or marking cloth; /rideiralirff Tulc is an inipnrc slaty variety, 
somewhat harder than French Chalky 

OccLiKHENci?.—Talc occurs as a secondary mineral re¬ 
sulting from the hydration of magriesium-bearing' rocks ^ 
such as peridotites^ gabbros, dolomkes, etc.; the change 
may be produced In various ways, — by the contact-action 
of granitic magmas^ by the action of stress during regional 
metamorplhsm, or by the action of niagrnatiic waters. Talc 
thus occurs most commonly in the crystalline schists^ as 
talc-schists and steatite. It is w^orked, for various purposes 
mentioned beloiv, m United Slates^ France, Italvn. Canada, 
Austria and Spain. 

Uses. —Jn addition to the nses mentioned in the descrip¬ 
tion of the varieties, talc is employed a.s a filler for paic^ts, 
paper, rubber, etc,t and in plaster^?, foundry-facings, and 
lubricants, for removing grease from cloth, ctc.^ In leather¬ 
making. for crayons, toilet powder, etc., and as an ab¬ 
sorbent for nitroglycerine; soapstone slabs arc employed tor 
hearthstones, sivitchboards, sinks, laboratory table-tops, 
acid tanks, etc .} liarder varieties are carved into ornEunents. 
SERPENTINE. 

Comp, — H ydr<»u.s Fuagticsiiim silicate, Mi>„Si 

Chyst. Syst- — Monoclioic. Com. Fqeu- — Crystals not 
ktiowm, the crystal system being proved by optical proper¬ 
ties; occurs massive, granular or fibrous^ sometimes 
loliaceous. Cle.^v.—O ne indistipict parting. CoLdUR. — 
DdTerent shades of green to almost black, sometiinus red, 
yellow or brown; it is usually veined and spotted with 
white, green, red, etc.; the white veins are often stf^tite 
w'hicb in many cases envelop crushed fragments of the 
darker serpentine, tlius prodiuemg very ornamental patches 
of breccia. Lustre,—S tibresinous, greasy; translucent to 
opaque^ Feel.^—S ometimes slightly soapy.^ Fract.-^ 
ConcboidaJ^ tough. H. —^4: can be cut w-ith a knife; 
easily turned Into vases, chimney-pieces, etc., and is used 
in internal architectural decoration. Sp* Gr.—S 5-2 6, 
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Pifoi^s.—Under i ht: niiL'rn^ieiip#:^, Mei'pc.'ni ine nppt-iir^ 
often as a complete or partial pseudomprph after an alivinc^t 
pyroxene- or amp hi bole-rock ^—the alteration from olivine 
being' most common^ and in ihh f^erpentine occurs a^ 

rounded pseudomorphous crystals showing a network of 
black particles of magnetIttp which has been thrown out of 
corriblnation by the alteration of the olivine into serpentine; 
colonr |p-eenish-3^ltow or colourless] rtfraedve indrees 
lownsh, s^l ndCin ^=l■570^ y=t not much hig-her than 
that of balsam; birefringence weakp about that of quarta, 
—poLarisation colours being low^ order gTeys+ and In some 
sections the mineral appears almost isotropic; two varieties 
may be distinguished, (a) fibrOTiS^ chrysotUe, optically posi- 
tive^ elongation positive; and (b) fintigonfiei 

optically negative» elongation positive. 

Tests.—Yields w'ater on heatlog'; fuses on the edges 
with difCcnlty; recogni^ied by colour and soft ness ^ 

Varieties.— Frecioaj or Noble Sorpenime is a transluceot 
variety I oil-green in colour; .4nbg£in't<! is a lamellar varieiy 
characteristic of serpentines produced under stress in dis- 
location-mctarnorphisni; optically negative; ChryjoiUo is a 
fibrous variety occurring as small veins In massive serpen¬ 
tine; it has the physical properties of asbestos and forms 
part of the asbestos of commerce, of which it furnishes the 
most impKjrtant part; it is extensively worked in Ea-&terrt 
Canada (see p. 34f}); Pjt;r!j|j7(: in a coluniuar variety occur¬ 
ring especially along planes of slight shear. 

Urspar is a serpentine resulting from the alteration ot 
rhonilHr- pyroxene (sve p, 338); it is olive-grceni blackish- 
green or brownish In colour; lustre of cleavage-surfaces 
(OlO) metallic to pearly. H.—3-5-4. Sf\ Ga,—3'□-2-7; \ti 
thin section^ has Lite appears as a fibrous pseudomorph after 
a rhombic pyroxene, the fibres lying parallel to the c-asis 
of die pyroxene^—the polarisation colours are low', pleo- 
chroism weak; it is found in serpentine at Haste In the 
Harz, IP the Cornish serpentines and in most occurrences of 
sequentinct and lends to imhanct Ihc beauty of the stone; 
rhombic pyroxenes are often replaced by bastite !□ basalts^ 
andesitesp etc. -Ophmafcittf Ls a rock made up of green 
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serpentine in white calcite and results from the dedolnmitlsa- 
Unn on metamorphism of a siliceotiA duloimiije; forsterite 
(olivine] and calcite arc Brst forntcd, and then the alivine is 
altered miD perpentine. 

Occurhesce—S erpentine results from the alteration, 
either by metamorphlsm of one kind or another or by end- 
stajij-e action r of rocks rich In magiaesium, and therefore of 
those rocks containing^ olivine^ pyroxene or aoiphibole^ such 
as peridotHtSi picrites, ctc+, as at the Li^rd^ Portsoy In 
BanBshIre, Unst and Fetlar in the Shetlands,, Galway^ 
Wicklow, Eastern Can ad a Eastern United States, etc. i 
Serpentine is ^so formed by dedolomitlsation, as mentioned 
above under ophicaJeite. 

Uses.—A s a bnilding" stone^ and for ornamental work in 
generalj chiefly Interior decoration j the flbrons varieties 
supplv a great proportion of the asbestos of commerce (see 

p. 

E^IEERSCHAUM, SepioUte. 

Co^tp ,^I Tydrons ma^jncslum )^. 

Cryst, SvftT.—Appears to be a tnixturc of amorphous 
material (meerschaum] and fibrous biaxial material (sepin- 
nte}. Com. Form.—I n compact earthy clay-like amorphau^ 
masses^ or fibrous. CoLOUii.—WhitCj greyish-while, some- 
tintes with a faint yellowish or pink tint. LusTHt.—Dull 
and earthy; opaque. H.—2-S'n: easily scratched with the 
fingcr-nalL Sp. Gr,— 2; n^hen dry, floats on water. 

—Decomposed in hydrochloric acid tvith gelatinisa' 
tion j when heated gives off w'alcrj heated on charcoal with 
cobalt nitrate gives a pink mass. 

OccuaARNcE.—In beds or irregular masses In alluvia] 
deposits derived from serpentine masses, as In Asia Minor; 
in veins with silica^ possibly derived from dolonihlc rocks^ 
as in New Mexico ; and in small quantity in many serpentine 
deposits, ft Is procured chiefly from Asia Minor* Samo^ 
and Negropont in the Grecian Archipelago, Morocco and 
Spain, 

Uses.—I t 3 chief use is for making pipes and pipe-bowlj 
for which purpose it is admirably adapted by reason of its ab- 
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sarbcnt nAlure aod its lightlies^; moreover, when well 
coloured by long sniokiiig^ it displays additiona] beauty iP 
the eyes of cc>nnoishears. Before tfie meerschaum is piade 
into pipes it is soaked first in lallow and after^vnrds in wait,, 
and it then tjikes a i^ood puilish. Jl was khrmerly used in 
North Africa as a substitute for soap. Oecaslonslly Jt Is 
used as a bullding-sEdoc. 


HydrriUi^ Alumiiiium SilitiUes.C!Jays^ 
Introduetion.— In this group is considered a number of 
hydrous aluminium sitirytes which an; iinpintant con¬ 
stituents of various types of days. Clays result from the 
alteration or weathering of rocks chiefiy of igneous ortgiit- 
The w^eathered mate rial either remains where it Is formed 
and so gives rise to residual clay:Sp or is transporicd by 
various agencjes^ — ^vatcr, glacier icCt wind,—and deposited 
as beds in the sea or in takeSi or as a blanket of boulder- 
clay, Or as loess or adobe deposits- Clays have the prO' 
p^srties of becomirig plastic when w^et, of then being tasily 
moulded, and of becoming hard and rock-like when heated 
to a suitable temperature^ Here are also considered briefly 
certain other day-like substances^, such as fuller's earth and 
bentonite which do not become plastic w^hen ivettcd. 

Ihc day minn^ils occur as very minute flakv crystals 
whicli have the SIsheet structure (p, lia). Those 
dealt with here are as follow's :— 

KuotmtU\ .VdJcnIe, Dif:kUr, Al,Si,D^ JOH),. 
f ItiUoys a e. A! ^Si , 0 JOH} ^ . 

Mimhiifmllomiti, I _.0, with Mg^Al. 

Brrde/h/i?, similar Montmorllltmilc, but with Al—>Si. 
Py roph yime. A US [JJ ^ „ (OH) ^. 

Aiioplrtinc. 

With these and other related minerals are associated in 
clays such minerals as quarts^T fdspar^ micas, iron-oxides, 
etc. 

KAOLINTTE, Naeritc, Oirkitei Chiim Clavt Kaulin. 

Comp. — Hydrous aiutn'mium ssUcatt-v AUSUO^^ftJH),^. 
Cryst. Svst. — Tridinic. Com. Form. —Crystals, sinnJI 
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pseudo-hex a^nal plates 7 usually a very soft» fine, clayey 
materialj crumbling eo powder when premised Uetw^een the 
fingers. Cleav, —Basal perfect. Cousuw.—White when 
pure: grey and yellow’ish. Lustme. —Dull and earthy. 
Feel avd —^Greasy feel and argillaecaus smelL H.— 

2-1! □ of crystals. Sp, Gr,—2'6. 

Opt. Pkops.—I' he refractive indices of ilie kaolin minerals 
are slightly higher than balsam^ ihc birefringence is weak; 
three specie^, kaotinite, nacrite and dickite have been es¬ 
tablished on the basis of their detailed optica] properties^ 
but a discussion of these is beyond the scope of this book. 

Tests. —Heated in charcoal w^ith cobalt nitrate gives a 
blue mass due to aluminium ; yields water on beating in 
dosed tube [ insoluble in acids- 

Varieties,— KaoUnit^, Nacrita and DtckilSf as alreadv 
mentioned^ are crystallised varieties founded on oplical pro¬ 
perties; Kaolin or CJuriu flay consists of partly crystalline 
and partly amorphous material; Lit Foma rge Is a white yel¬ 
low or reddish day, consisting of kaolinite and halloysite, 
and often speckled and mottled, adhering strangly to tlie 
tongue, and tiavlng a greasy feel; it yields to the finger- 
uaib affording a shining streak; it is infusible before the 
blowpipe; occurs in Cornwallj Saxony and elsewhere. 

OccuRREJjCE.—Nacrite and dickite are relatively rare 
minerals occurring for the most part in association with 
metal lid ores; kaolinite and kaolin result from the alteration 
of the felspars of granites. This alteration may he caused 
by tivo processes : (I) the ordinary weathering of the felspar, 
first into a day-mineral allied to kaoliuite, but with less 
water, and then into kaolinite^ or ( 2 ) by the actlou of gases 
on the felspar [pncumatolyslsT see p. The second mode 

of origin has been held to account for the Cornish occur¬ 
rences at leasts since the kaolin Is there associated with 
cassLterjiCp tourmaline and other minerals of undoubted 
pneumatolytic origin. Workable deposits considered to have 
been formed by one or other of the tAvo processes occur, and 
have been worked, In ComAvalb L'nlted States,^ France, 
China and Malay, 

—For the manuracEure of fine porcelain and chinas 
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porcelain fitting;s^ etc.^ and as fillers in paper, rubber and 
paint manufacture^ 

HAtJ.OYSTTE. 

CpMP,—MyrirDUi aJinnmiurii. nuf Vj n \i hi ti>, 

A],SuO„i;oti),,v 

CiiAULcirE Its And OccuuENca,^ — 4n AinQrpbcius, pcs3fib)y cciHeifial, 
kaolin-li^e [njoEraS^ OEcurring wiUi in kaolin Rc^- 

acts a& for kaolinite. The hrowniBh-yeltn-w or rtd dny cali&d if&Ii 
imcliudEfA types that are impurE hallo^rtE; bnJe tan be flKratdieil wi(b 
the ^.n^tU-naiJ. and then gjivcs a abmmg streak; it breaks with a 
so^iithhtt colKhaidal fracture, Ejnd faUa to pieces with n irackJitip 
noise when pUted in waters bcated before tbe bbwpipc it ftl5es 
c^ily to a yellow nr green eoamel ^ H is found cLhieby in Tudyt 
Silasiia and Asia Minor. 

MONTIH f >R [ LT.ONITE. 

CuMi:. — Esstntiany A]^St^Oj^(OH)^,rin with stibstilU” 

iLtan of ?.fiT for p:irt of the Al. As a result of this suItsLUlj- 
tion, |w»sltrvo Ions such ns or are nttached to tbe 

surfaces or of the minute cryySals^ thus hahkt^iiin;^-' thi- 

negafjvo iihiif^es ivhtrh are left when takes du- 

place of Al"^^ (see p. IS8)- Jn this vravp varieties known 
as sodium-montminrilliuiSte Eind calcjiiTn-rnonimorillonile are 
formed. The positive tons (^fa+, Ca^) are eschan^eable 
bases, anti their presence scenunts for the high hasc- 
cvciiahj§rf: tapadty nf the mineral* 

Layers of motecular water may also iicriir l>etween ibe 
aillminllml-sllil^o^ sheet units in montmorillonjte. This 
water may be drlvca oiT on healing; the mineral then swell 
greatly on absorbing water ag-aln — ^^l projyi'rty ivhicl! ghe> 
it impair*;mt uses in oilfield work (see under 
below). 

CHATiAtn-EMs ANr> OcctiHBitvcE,—A soft^ wLite+ greyish or 
greenish clay-mim-rrtl, occurring as an alterDHon-pnwturt nf 
aliiminiuTn silicates- MonlmoflUonite^ together with heltlel- 
iite {see below}; constitutes a kirgc proportion of Otc t:lav 
hen fowl fe which occurs as thin beds In the Cretaceous aut! 
Tertiary rticks af V\^estern IhiiteH States j bentonite is he* 
Iscvr.'d \u result from the decomposiiinn nf vi^Uianic nsh^ and 
is employed for variou.s pUFpo^^?s such as the dKoInnslng nf 
nils, water-sotmning. a.s a filler, for the thickening of dril¬ 
ling rrnicl^^ In sin king ^.lit-welTs* anil au an. absorbent in many 
processes. 


THE DESCRIPTION OF MjNEJtALS 


41^ 

Bcldifiilliie. 

Coiai*.— HydrowEi aJtginiinum ^rlicate, csicaljally 

with Finnic r€pl/i!ju.t'xnent &F Si bv Al. 

Cn^HAilTlLBS ANlD OcCL''akKA'C£.—O^ciirfli tfl this Orttorhoinb ic 
plftl'Ct. ^'hcte □[ TEddisb in ccloLiri, itnd u^Liml]^ rK^uUn ErOm the h 1- 
t«r;iliot] erf rtr. 

PjrrDpliTlIitr. 

rijMP,—Hy<lfi;iii^ ^luiniiiiniti ^iUcaic, A].SijOj^^fOH)jj. 

CUAAjrTER? AKT3 Occerm*tf?iCB .—A ndlteraj with many of Hat phj 
siL-al pro-frertics of falc, J>Ut giv» the hllle aJiiminiiaiD reactjon when 
heated with cabatl Qilrate rharci:ud; ft octilta chit^y aa feJtaied 
maaaca Ttl tryslalliiif s^hislb 

i!\llopl]feti& 

Coup.—H ydrous alLiminiuui atlicalc. The fianM; \% tiuw uxil lih 
rEcnate the Tlf>il^rrystaUinc part pf 4 dav that ir =^nlab^ in dihiln 
hydrahlhric ettid (Orim.). 

CiavST. Stst.^—N one; amorphPllS. CoM. t'OttU A.>i aitcmalLation^^ 
SDEnatiETiti teniform. Col-CTtrtI-—Snow-wbilp, and hemay or wax. jel- 
tow* sontetimes hliiish, graen or brown. Lr^TiE.—RBslnoua, 01 
waiy^ ttfanalttcent to ppaf^CK. Fmact.—F lat conriojdal; var\ 
briitJe, H.—3. S*. Oh.— l S-1 9, 

iEST5.—Heated before th* blowpipe Ivsea entour and becoffles^ pol- 
Yerulant I gi-tea tha blue aluaiiiaincn r-eacticm when heated! with coball 
niLratt on charcoal j solubSE in ffilulc aods, the vilutjoa wb^li coo- 
centrated fotfflinp a ailiceous jd^T. 

Occi?HarycE.-™UsnBUy qcerura in trucrufttHtions on joint-pLancs and 
in chalk and sandsiDoe^ or lining cavities in cUys and marls, 
a# at CbarltoBf ttear Woolwich, fn ch^k+ and ar Nortbamptoi] in 
sandstone- 

Fiiller^S K^rth is a gnecnPsh-broTvn, g;reenlsh-g:rey, bluish 
□r yellowish matcrinJ, soft and earthy in testure, with a 
soapy feel; It yields to rht fing^cr-nail with a shining streaky 
and adheres to the tongue; when placed In water it faUs to 
powder, but does not form a paste; heated before the blow^ 
pipCp it fuses to a porous slag and ultimately to a white 
blebby glaiis; it has been suggested that fuller's earth is 
composed dominantly of montmorjllorthep but it is probable 
that other hydrated aJuminium silicates ate also present to¬ 
gether with a variety of other minerals such as quartz, mica, 
glauconitei etc. Fuller's earth was formerly used for 
'* fulling'" or cleaning Tvoollen fabrics and doth, its absor¬ 
bent properties causing it to remove greasy" and oily matters ; 
its modern use is in the refining of oils and fats, a use 
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depending also upon iht absorbent qualities of the hydrated 
aJuminiann silicates contaloed In it+ To Eug‘]Ekndf fuller's 
earth is found at NutHeld near Reigate, Oetling near Maid¬ 
stone^ Btctchingley In Surreyj Woburn in Bedfordshire^ Balhp 
etc,; it is worked cxiensively also In Florida, Georgia, 
Arkansas^ ctc^, In the United States, and tn Germany. It 
occurs chiefly as sedimcntuTy beds. 


The !£eoZite Family, 

Introduction. — In composition tlie Zeolites are hydrated 
silicates of calcium and alumlottim, sometimes with sodium 
and potassium' and in many ways are analogous In com- 
pOsitiou with the felspars. Thftv result io general from the 
alteration of the felspars and aluminous minerals of igneous 
rocks, and, with thc'^possible exception of analcite, occui 
only as secondary minerals, EUlng cavities, joint-spaces* 
cracks and fissures, in such rocks as basalts' scoriaceous 
lavas^ etc. Their formation may represent the final stages 
in the cooling-do^vti of igneous magmas^ and they are there¬ 
fore linked up in origin with many ore-deposits^ 

When heated before the bloft-pipe, the zeolites froth or 
boil up, a circumstance from which iheir nfuric is derived, 
from the Greek, Bern, to boil, and Ufhos, stone. The 
zeolites are rather soft minerals, their hardness^varying 
from 3.'5 to h’5* Their specific gravities vary from 2 to 2'4f 
They are mostly decomposed with adds wilh the separatiou 
of gelatinous silica. The zeolites are readily recognised by 
their rncMle of occurrence, 

llie have framework structures of 

linked SjO^-telrahedra, tv Inch arc arrangecl in groups of 
five (within the framework); as wllE tie accn from the formulse 
below, there is a groiip of Sir.<J,u or 5tSi(Jj)-iypc in e;^ch 
ease, with At ri-plarmg part np the Sir 

In Srcotil^s. dilfurent frameirks occur, but all con¬ 

form to the composition n(SiOjj. AlLuninuim replaces part 
oE the silicon, and the resulling negative cltargo^ on the 
iramexvork are balftncetl by cations such as Na and 


THE DESCRIPTION OF MINERALS 


4*7 


whicEi lie m open spacp* In the frameworks. Water 
molecules are also accommodated in these spaces. Such a 
slnicturaJ arran^rement makes possible the welJ-kno\s.n 
basc-c.vchang'e rapacity of many of the zeolites. 

In this book, the Following- arrangemejit of the zeefites 
is adopted!— 

CiiJni: ZfiJ/tr,—^Analeite, hTafAlSiglO^.H^O, " 

Fibrous ZeoiiUs.—^utrDTite, Na.(AUSiaO,J.SH O,^ 
Scolecite, Ca(AI^SijO^,),3H.6, 
Mc&olibe, tnlcrmcsiiate between natro- 
natrolitc and scoleciie- 
TE] om sonite, NaCa^CA1, Si^O^J , 

OihET Zeolites , —Heu3andHc, Ca,(A!^S!^i 2U 

Phillli^^ite, (K,Ca)(ALSl,)n,^.4iH,0, 
Harnioiiime, flC.BalfAJ^SIJOj^ aHXK 
SillWie, fNa,Ca)(AtS3,)0,,.flH,0.>^ 
ri lahazite, fCa, Na](A I .Sf ^)0 ^ ^ 

Lxi umon H tc, (Ca ^ ^?a)(ALSiJO, ^4 H ,0, 

Miitemh ttsuatly classed ’tMHih the Zeolites. 

Api>phyllitc, KFCajSi^ti.^^.SH^O, resejnblln^ llie 
^^colites in givinfr off water when heated. 
Poctoliie, fI^'aCa^lSiDslg, zeobtic in occurrence.^ 
Prehniti% Ca^\LSi,^0^^{OHlgmH,Ot placed with 
the BrilUe Micas by some. 


ANAlaTB, ANALCIME. 

Comp.—H ydrous silicate of .sodtum and aluminium^ 
Na(AISiJO,.H^D. 

Cryst- Svst*—C ubic^ ^ Com. Form- — C rystals, the trape- 
zohedron (2ti) very common; also occurs massive or grariu- 
Ear, CL£Av.~Cuhic, obscure^ Colour. — Milk-w^hite; often 
colourless^ greyish, greenish, reddish-whlle or pink. Streak. 
—White* Lustse. —\^treou;s; transparent to nearly opaque. 
Fkact.— Subconcholdal and uneven t brittle. H,— 5^ 5, 
Sp, Gn.-^-a5. 
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OiT^ Fro PS.—Colourless in section^ refractive index much 
lowftr than that of baisam, n=i'4S7; isotropic between 
crossed nicols, though strain-polarisation and optical 
anomalies may be shown; by shutting off soma o! the light 
passing through the microscope by a diaphragm, the anal- 
cite appear^s mottled and with strong relief. 

Tests, —Heated in closed tnhe yields water; heated on 
charcoal^ fuses to a clear, colourless globule; decomposed by 
hydrochloric acid with the separation of silica; colours flame 
yellow. 

OcTci^WRENCt.—Ty[>ii:sdty zroliiic (.set' p-4J'Hj j ct.msidlcm1 to 
be a primary mineral in certain dolerites. 

NATROLITK 

Coswp.—Hydrous silicate of sodium aad aluminium, 
N:aJAl^Sl,0,J,2HXL 

Chyst- Syst,— Orthorhombic. Com^ Form. —Small pris¬ 
matic crystals known; usually In slender acicuiar crystals; 
also massive, compact^ granular, fibrous or radiating. 
CLMy+—Perfect prismatic. CoixiUR.—Whiie^ sometimes 
yellowish or reddish. Stpeak,—W hite. Lustrh. —Vitreous 
or pearly; transparent to translucent, H.—5*55- Sp. Gr. 
-S2-2'25. 

Tests.“F usible in a candle flame j fuses quietly to a clear 
bead; gelatinises with acid; yields water m the closed tubc- 

OccuRnENcE.—Zeolitic; found as a secondary mineral in 
the amygdales In the basalts of Antrim, Scotland, New Jer¬ 
sey, etc. 

SCOLECITE. 

Comp.—H ulruus siticaic uf calcium and aluminium, 
CafAS^Si^OJ.gH.O, 

Crvst. SvsT,—MonocLinic- Com. — -In radiating 

prismatic crystal groups^ fibrous forms, nodular or massive. 
Cleav.— Good prismatic. CoijGW,— White. Lustre.— 
Vitreous; of fibrous types, silky; transparent to subtrans- 
lucMt. H.—5-5&. Sp. Gh.—2 2-2'4. 

Tests.^—H eated in closed tube, gives water; gclatifiises 
with acid; heated before tlie blowpipe, fuses with wormy 
intumescence^ and forms often a frothy mass. 

UCOLRHENCF.—ZealiEk (see p, 4tUj. 
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MESQtlTE. ^ 

Comp.—H ydrous sIHcatp gi csldum, sodiuin and alumi- 

nlunL intermediate bttween nutrulite and !HL'y1ecile. 

CrIcSt* Syst,—M onocfiniCp as shown by X^ray tests. 
Cqsl i'DUM.—Usually in tufts composed of very delicate 
aoitular crystals; also snrnetimcs massive. Colour.— 
White or peyish. Le/STRE.—V itreous; when hbrous or 
massive, silky; transparent to translucent; opaque when 
massive, H.—5. Sp. Or*—2-2 4- 

Tests.—G ives off water when heated in the dosed tube; 
gelatinises with bydrochloric acid; heated before the blow¬ 
pipe, it becomes opaque and fuses with worm-like in¬ 
tumescence to an enamel 
THOMSONITE. 

Coiar .—Hydrous sUicBte of calcjtimT sodium and alumi¬ 
nium, NaCa,(A]j^Si/J 3 ^).eiH^G. 

Crtst. Syst,-—O rthorhombic. Com. Form.—U sually in 
columnar or radiating crystalline masses. Cleav.—P erfect 
para lid to the br^chyplnacoid (010). Colour.—S now-white. 
Lustre,^—-V^ itreous to pearly; transparent to translucent, 
Fract.—S ubconcholdal H.—^b-6 5* Sp. Gn.—2 3-2 4. 

Tests.—Y ields w^ter when heated in the closed Cube; 
fuses with intumescence to a white blebhy enamel; soluble 
in hydrochtortc acid with gelatinisadon. 

OccurRE hizE —ZcMlitic (see p. ltd). 
flEULANDITE. 

Comp, —Hydrous silicate of calcium and altiminium, 
Ca,(Ai,S,,JO,,, 12 H 30 . 

Cryst, Svst.—M onoclinic, Com. Form,—C rystals with 
chnopinacoid (010) and hemi-orthodomes, (201} and (201J. 
largely developed; also globular, Cleav.—P erfect parallel 
to the clinopiiiacoid. Colour. — White , brick-red, brown. 
Streak, ^ White. Lustre.—V i Lr cons; of clinopinacoid 
planes, pearly; traniiparent to subtranslucfint. Fract.— 
Subconthoidal or uneven; brittle. H.—3-5-4+ Sp. Gr.^ — 22. 

Tests, —Before the blow-pipe, inmmesces and fuses; de¬ 
composed by acids without gcktinisation, with .separation 
of silica. 

nt:or¥tRF.!^rF.^— JCcnlitLc (see p. 4Id). 
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phiixipstte. 

Comp.—H^ droiis silicate of ca,]citjmp patassium, sodium 
iifiil alLunimuinj j K,Ca){Al,Ki 

CavsT. SvST. — Monocfinlc. Com* Fqkm.—C rystals i>enc- 
irating cruciform twlos^ ofttn grouped in radijiiiftg 
gates, CoLQUH.^—White^ reddish. Stseak.—C olourJess. 

Lustre. — V itreoiis- Fracture. — U neven j brittle. H. — 4- 
■4'5. Sp. — 2^2r 

Tests.—H eated in closed tube gives watery heated qq 
charcoal, fuses quietly to a bubbly enamel; decomposed by 
acid with separation of silica. 

Occurrence.—;^ w>HLic (see p. 416J; also found in the 
deep-sea deposits. 

HARMOTCJiUBt Crosa-iitoiw. 

Comp,—H ydrous silicate of potassium, barirmi and 
alummiunn, {K^iiaKAI^SijO^^.jjH^Q. 

Cry&t- Stst.— Monocliuic- Cum. Form.—T he crystals 
are aluiays cruciform penetration tvvins^ much resembling 
those of stilbite; they arc either simple tivlnst or groups 
consisting of four individuals; these fourlings sometimes 
show re-entrant angles, whence die neme cross^ftone^ or 
they may present the aspect of a square prism combined 
with faces of a pyramid, which Utter are really prism faces* 
Colour. '\\^hite, or shades of grey^ yellow or brown< 
Streak.^ \\Tike, Lustre. —Vitreous; subtransparent to 
translucent. Fract.—IT oeven; brittle* H.—4-4'5. Sf. 
Gr,^2^^2-5* 

Tests, ^Heatcd before the bto^i-pipe, whitens^ cnimbles^ 
a^d fuses without mturaescence to a white translucent glass ; 
decomposed by hydrochloric add without gelatintsation. 
Occurrence.—Z eolitic p. HdJ. 

STTIaBITE. 

Comp.—H ydrous silicate of calcium, sodium and aJumi- 
(Na,,CaX.\l,Si„)0,,.6H,0. 

Crvst. >Sy 5T.—Monoclink. Com. Forw,—C rystals usiiallv 
^m, rabidar parallel to the clinopJnacold, and compound, 
being twinned combinations of the unit prism with chno- 
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pinacoid and ba^aJ pinacoid; extremely commen in sheaf-ILke 

:ls shown \n Fig. 1^4, and in 
divergent and radiating farms. Cleav*— 
Perfect clinopinqcoidal. CoLoul?, — OsirnHy 
whltej sametirnes red+ ydlow or brown. 
Streak. — C olourless, Lustre. — O n cleavage- 
faces, pearly; elsetvherc vitreous; snbtrans- 
parent to translucent. H.— 3 5-4. Sp. Gr. — 
^ ^1 2 'J- 2 ' 2 . 

Tests.—H eated before the blowpipe, fuses 
I § w ith wormy Intumescence to a white enamel ; 

heated in closed tube gives water; decom¬ 
posed by hydrochloric add with separation 
ot silica. 

Occunkt^cE.^1 ypicalty acolitic {sec p. especially 

cordon filling the steam cavities of lavas, as in the basalts 
□f Antrim, etc. 



Fits. 


3^4.—Stil. 
bits. 


CHABAZITE. 

Lqat?^—H\ rdrous silicate td cHlcium, sodium find alum]- 
nusm, apijroxmialeJy (Ca^NaKAI^^iijO.^.OH^D. 

CaviiT- SvST.—Hexagonal p rhombobedrai. Cor^i. Foeu. 
^rystats combinatinns of positive and negative rhombo- 
hedra; also massive. CocouR.—White, yellowish, reddish. 

Lustbe,—V itreous ; transparent to translucent. H._44 B. 

St*. Gr.—2 -i. 

Tests.- Heated before the blowpipe, intumesces, whitens 
and fuses to a glass; decomposed by add with separation of 
silica; heated iti closed tube, gives water* 

Vaniety.—P huirotite is a variety occurring in colourless 
lenticular crystals due to twinning-. 

Occurrence.—^' rypicatly iiei>lrtic fsco p. 4lfl). 

laumomite, 

silicate of calcium and aluminlmtt. 
aa*NaKAI,Si.)U,,.4H,0. 

Cryst. Syst.—M onocliitic. Com. Form.—C ommon in 

cj^stals; also fibrous or columnar, Golouh._ 

White, greyish or yellowish. STREAK.^oIourless. Lustre. 
— ilrcous when unaltered, dull and pulverulent when 
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altered; transparent to translucent when unaltered, but be^ 
cQines opaque and white on exposure. H.—3 D-4. Se. Gr^ 
—2S-2-3. 

Tii5T5. — Heated before the blowpipe fuses with intumes¬ 
cence to a while enamel; soluble Ln hydrodiloric acid with 
gelatin isation. 

Occuiifci':\’GE.—Zealisiu (see p, 410), 


AFOPHYLlLim 

CoMP- — ^Hydrous silicate of calcium and pol-assiumj 
someitjties also a little fluorine^ KFCa^Si^O^^.811^.0, 

Gryst. SvsT.—TetragonaJ. Com. Form- —Cr3'5tals of 

two babit^^ as shu^vn in t'ig. p. 62 j first, combiiiationi? 
of second order prism ( 1005 * basal pinacoid (001)* and minor 
forms, giving crystals with a cube-llke aspect j and, secondt 
prismatic ciystalsp made up of second order prism (iOO) and 
first order pyramid (111), or of pyramid alone; also occurs 
massive and foliaccous. Ci^eav.^—F erfect basal. Colour. 
—Milkj'-while to colourless; greyish, sometimes greenish* 
yellowish or reddish. Strear. — C olourless^ Lustre,— 

Vitreous; that of basal pinacoid, pearly; translucent to 
transparent, rarely opaque,. Fract*^—U neven; brittle- 

Sr. Gr.—2 3^2-4, 

TESTa+ — liGated Ln closed tube gives off water, exfoliates 
and whitens; heated before tJie blowpipe, exfoliates and 
fuses to a white vesicular enamel; colours the flame violet* 
due to potassium; soluble in hydrochloric acid w^ith separa¬ 
tion of silica. 

Orri:RkEhTE.--Typicaf]y ir (see p. 41fl), 

FEGTOLITBL 

Cuwp, — Hydrous silb^atc: of calciurn and sorlimn^ 

HNaCa,(Si 03 )^, 

Crvst^ Svst.—M onocllnlc. Cqm. Form. — U sually in 
masses composed of divergent or parallel fibres cfosely com¬ 
pacted. Colour, — While or greyish. Lusthe.- — S ilky or 
suhvitreous when fibrous; dull when massivej sub)ranslucent 
to opaque. H.—5. Sp* Gr* — 2 7-29. 

Tests. — H eated in the closed tube^ g^fves off water; 
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Ji^^atL'cf bi;fore the blowpipe^ fuses to a g^l^ss; yellow sodium 
daiiitj wiEh hydrochloric acid, gelatinise^. 

OccoKHRjjcF,.^—ZeolUio (see p. 41IJ); co]union in ninvg- 
dales* 

PREHNITE. 

Co^lv — Hydrous silicate ul' cjticiLijn and iikiininjum 
Ca, A „ (O H )^_.n H , 0 . 

L-RVirr, Svst.—O rlhorhonihic, hcndmorphlc. Com, Koum. 
—Usually in botryoltbl masses, with si radiating crystsilllne 
structure. Colour. —Pale gTe^ 2 n^. sometimes calourlesi. 
Streak.—C olourless. Lustre. — Vitreous ; subtransparent 
to translucent. Fract.—U ntvcnj rather brittle. H.—6-S-5. 
Sr. Gr .^’^2 0 p 

I’esTS,—Heated In dosed tube^ gives off a little water; 
heated before Uie btowpipe* fuses with intumescence to a 
bubbly enamel-like glass s after fusion, gelatinises with 
hydrochloric acid; water is given off by prehnite only at a 
red heat, and accordingly this mineral is often esduclcd from 
tile zeolite family. 

(.)ccuRRENTE.—Zcolilie (sec p. 416), also occurs in ccriain 
amphibolites, crystaUine limesioaesp etc. 


The Scapolite Family. 

TntroduetfoR^— The cliemical composition of the Scapo- 

lite Family can he stated in terms of two end-members :_ 

M a rjuJj f e ^ jYf a , — 3(XaALSi^O^ j. aCL 
Hj te, M e, —3tC aAl^S 1 ^) .CiiCO^, 

Xotc that marialite has the cnmpnsition 3 alhile-r KaClj and 
meiotiitep 3 anorthilc-h CaCOni. 

bcapulites are leiragonal in crv^-lalliaaiJoiu Ihev 
show a gradation in physical properties froin one eud-meni- 
to the other,—the specific gravity, refractive Indea and 
birefringttnee increasii’ig i.-. lHi (he conteiu of mclonlte. 

SCAPOUTB, Wernerke, Dj|;»Tre. 

CoMR.^—Silicate of alumiDium, sodium and caldutn, with 
sodium chloride and calcium carbonate radicles present 
also, being made up of varying amounts of marlalfte 
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{3?^ aAISi^O. . N :iCl) ft m\ nielDni tc ( 3 Ca A1, Si/). .CicCO, \ \ 
i. Dmnion sr.ripjllti: coi reaponds ia to 

CR¥iiT. Svst. — Tetragonal. Co;y. Fokm. — T etragOfial 
and ditetragona] pr 151115 , or first and second order prisms, 
terminated by pyramids; atso occurs massive or granular 
and sometimes ctilumnar. Cleav, —Disdnet parallel tc first 
and second order prisms- Colour.— or pale shades 
of blue, green, and red. Streak. —Colourless. Lustre.^ 
Vitreous to pearly, or rather resinous; trsnsparent to nearly 
opaque^ Fhact. —Subconchoidal; brittle. H.— 0 - 6 , Sp. 
Gb^ — 2^'Gh3'7b,. Increasing with amount of ineiouite inolcoule. 

Opt. Props.—C olourless in thin sectional prismatic 
cleavages often seen as interrupted lines; refractive indices 
moderate, 1 ^ = 155-160, « = lo4-t57, increasing with 

amount of incjonitc molecule; faircfringencc weak in 
marialitc-rSch and strong in melonite-rich types, but in usual 
varieties pioiarisation colours arc bright; occasionally 
swflrnis of tiny inclusions arc seen; uniaxial, optically nega¬ 
tive—thus distinguished from felspars, quartz^ brucite, wol- 
lastonite, etc. 

'S ESTS.—Heated before the blOAvpipe^ fuses with intumes¬ 
cence tn a white glass; imperfectly decomposed by hydro* 
chloric acid, meionite being easily decomposed^ marialitc 
less easily. 

OccvHREJJCE.—Scapolitc occurs either in metamorphk 
rockst such as contact-altered Impure limestones or region¬ 
ally metamorphosed gneisses and act^phibolites, or else as a 
secxntdary mineral in igneons rocks, w^liere it is an altera¬ 
tion-product of lime-rich plagioclase felspars^ 


AXlNTTtL 

CoMP.^—Boro'silicalc of alLunioium and calciuin, with 
var)'ing amounts of iron and mangaoese^ approximately 
H(Ca,Fe,4\lii},AI^B{SiOj^, 

Crvst. Svst. — ^Triclinic, CoM^ Form.— Lisually ld thin 
and very sharp-edged crystals, as showm in Fig^ 63; some- 
tlnieSi but rarely, massive dr lamellar* Cleav+— DLstinct^ 
parallel to the brachyplnacoid (010). Colour,—C love-browii, 
plnm-bluc, and pearly grey. Streak. —Colourless. Lustre- 
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—Klg^Jily vUreous; transparent to subtran^Iuccnt. Fract. 
- Conchopdal: brittle. H.—^-5-7- Sp. Gr.—3 27, 

Opt, Props.—I n thin ^ectlon^, coloyrl^.ss or yellowish or 
violet; refractive index moderate (^ = i'6S)* birefrini^ence 
w^eak, £»fimc as that of quartz; biaxiali Optically neg^ative. 

Tests. —Heated before the blowpipe, fuses readily with 
intuTTiEsceiicc, and colours the oilier flame a pale green; not 
acteti upon by acids unless previously heated, and then it 
gelatinises. 

OccuHRExcc.—Occurs as a mioerai of conlact-meta' 
morph ism, pyrometasomatism or pneumatolysis where lime- 
rich rocks are in contact with certain igneoiis rocks, as the 
Cornbh gram tea (Botallack, Lostwithiel^ etc.}. 

WOLLASTON rTE, TabuUu- Sifar. 

CcjAir.—Cnlcium metiLsiUcate, CuSiO^. 

Crvst. Svst.—I n two modifications, the commoner tri* 
clinic, Ehe rarer monoclinlc. Com. Fghm.—C rystals usually 
tabular, parallel either to the basal pinacaid (001) or the 
front pinacoid (iOO)^ and elongated along the b-axis,—com¬ 
bination of prismsp pinacoids and domes; also found mas¬ 
sive and cleaviable, with a long fibrous or columnar stme- 
tnre., the fibres being either parallel or interlaced. Cleav. 

■—Perfect parallel to the front pinacoid^ Colour.—W hite* 
greyp sometimes yellowish^ reddish or brownish. Lustre^— 
Vitreous, rather pearly on cleava^e-pIaiKS j subtransparent 
to translucent. H.—4-5-5. Sf. Gr.-^-S-3 EI* 

Oft. }*eops.—I n thio sections, colourless; refractive in¬ 
dices mcMJeratdy high, e.g, = 1 633, y=!-035; 

birefringence moderate,—polarisation colours of first and 
low second order colours depending on the section; optically 
negative, smallish optic axial angle* and the plane of the 
optic axes tisnally lies across the clongation-difeclion of the 
c^stals* 3 circumstance dIstingubshSng wollastonite from 
diopstde, eic. 

Tests.^—H eated before the blowpipe, fuses easily on the 
edgtLs; gelatinises with hydrochloric acldp 
Occurrence.—.A s a product of the contact-jnetamorphism 
of Impure limestones, in which it is associated with diop- 
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side, grtjssular, tftc.,—the madificatSort oocurrlng appears 
to be tlie triizlitlic form; <~he mociocdink modifiestion occurs 
in limestone blacks ejected from ifoleanocs; aiso occurs in 
certain ig^ncous rocks which have been conlamloated with 
limestone, and in some ntphelinc-bearing basic igneous 
rocks 

GLAtJCO^nTE. 

CoMF.-^Esw?niia1!v :i hydrous i^f and pi^ian- 

sium, though aluminlump sind calcium are 

often present, possibl} 

CnAiiAc-rFJt^^ Avu OaiuiRExct —111 tunn ^dnitconiie i> 
amorpKuU^ ^ranulsr or eartliy* and in colour, olhc-gr^n. 
yellowlslti, greyisti and blackish-green; It has a dull or 
glistening lustre, and is opaque; its hardness is 2^ and its 
specific gfavity, 2 2—2'4; heated before the blowpipe, it 
fuses easily to a dark magnetic glass^ and gives off water ; st 
DotOfS extensively dissemiriated in small grains in the chalk 
marl, chloritic marl and greensands of the Cretaceous oi 
England, and also in rocks much oSder than th^c, as for 
exampkt the Cambrian Com Icy Sandstone; besides these 
occurrencesT it 15 found in oceanic sediments notv in actua 
process of formation; may arise by the alteration of ferro- 
msgtiesian silicates, especially biotile. 


TIN MINERALS* 

Tin (Sn) is said to have been found native, but, if It do^ 
occur so, is of very rare occurrence. It is ebiefly found in 
the form of the oxide, cMsif^n’fe or finsttme. which may he 
reg-arded as the sole source of the ToetaJ. Tin Is a bright, 
white metal, malleable and ductile* It has a specific gravity 
of 7-3 and mdts at 232‘C, A bar of the metal emits a 
crackling' sound when b^nt, , 

Cassiterile is obtained commercially from both lodes aud 
alluvlai (placerJ deposits. In die former it may be asso¬ 
ciated with arsenicj copper and iron minerals^ wolfram, etc-; 
In alluvial deposits tt is often associated with iltneoite or 
dtaniferou!^ iron orc^ mofiazitc, sircon, topaz* lountmlinet 
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etc. The piroportlon of tin lo ores is usiifiliy expressed in 
pounds of blflcfe that ia^ cassiterite cxsntalnijig' about 70 
per cent, of the metal, per ton of ore. [□ the case of aJIuTial 
deposits p less than 2 pounds per loti has been profitably 
worked. The alluvial or mHit stuff Js concentrated up to as 
near 7 G per cent * of metalltc tin as is practicable by in cans 
of shaking tables and other mechanlca] contrivances \ when 
the tinstoric is associated with ilmeoitep wolfram^ or other 
rti^tjy'neMc mlncrntlsp ek-clnjma^nrlii .serparalors are emplis> nd. 
The dressed product or concentrate is reduced in reverlMra- 
tori' furnaces, and the metal further purified np from 
to 00 0 per cent. 

The chief use nf tin Is in ihe manufacture of tin-platep 
which is sheet-iron coated tvith a very thlo coating of tin, 
the tin-pMe being employed for the production of cans^ etc. 
.4nolher very important use is for the manufacture of a 
number of unportant alloys, such as pewter, the various 
soldersp bcaring-nietals, type-melalt bronze, gun-ftietal, bell 
metal, fusible metal, etc* Salts of tin are employed in calico- 
p^n|in^^ ihi'In^r, Mlk'making, in ihc cerami>- Viidu!f.tr_v, etr. 

The average annual production of tin ts normally iv-ell 
over 1CK),000 tons, and of this more than a half comes from 
the British Empire* Tin-ore Is one of the few important 
industrial ores not found in the United States. The leading 
producers are Federated ^lalay Slates^ Bolivia, Dutch East 
Indies and Siam,—minor but important producers are 
China p Australia and Tasmania, Japan, Belgian Coi:igt>, 
Nigeria and Cornwall. The recovery of scrap tin, — 
tin —is important in Indus try i especially in the 
United States, w-herc possibly a quarter of the annual con¬ 
sumption of the metal is supplied from this source* Tin- 
■^rtiutting plants arc concent rated in Britain, Malaya anti Utc 
East Indies which between them account for a very pre¬ 
dominant proportion of the annual world output. 

Tests, — The foUow'ing are the chief tests for tin. When 
heated on charcoat with sodium carbonate and charcoal, tin 
Compounds arc reduced to ibe metal which is soft and mal¬ 
leable. The encrustation given by heating tin compounds 
alone on charooal, when moistened with cobalt nitrate and 
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strong^ly reheated, assiimt!:^ a bSuc-grten colour. The tia 
bead when treated with warm nitric acid becomes coated 
with a white covering of hydroxide. 

As already noted^ the chief mineral of tin is the oxide 
rar^iferite. In addition to this compound, tin occurs in a 
few other ininefals, mostly complex sulphides^ only one of 
which is suf&cicntly important to be described here, namelyi 
jjd.iinimr or Htt pyrites, Cu3S.FeS.SnSa. The Import ant tin 
minerals are therefore:— 

C?-tide ... Cassjterhe, Tinstone, SnOj- 
SiilphUe ... Slanninc, Tin IVrilos, Cu„SjiFf^^. 

CASSITEEITE. IlNSTONIL 

Cqmp^—T in oxide, SnO^i tin, 78 6 per cent- 

Cryi!5T. Syst. —Tetragonal. Com. Fopm-— ^Crystais con¬ 
sist of tetragonal prisms terminated by tetragonal pyramids ^ 
kncc-sliaped Ui ins often seen fp. 123 ) j also uccuri^ mossii-e, 
or fibrous, or dissemliiated in smalL grains \ in alluvial de¬ 
posits as rolled water-wom grains. Colour,— Usually black 
or brown, rarely ycllovi^ or colourless. Stheak.— White or 
pale grey to brownish. LusmE,—Adamantine, and^ on 
cry'stals^ usually very brilliant j crystal?^ ivhcn of pale 
colour^ nearly transparent, when dark, opaque. Fract.— 
Subconchoidal or uneven; brittle. H,—Sp. Gr*^^'S- 
Ti. 

Tests.—H eated alone before the blowpipe^ infusible p 
heated with sodium carbonate and charcoal on charcoal, 
yields a globule of metflllic dnj the sublimate resulting from 
heating on charcoal with sodium carbonate, when moistened 
with cobalt nitrate and strongly reheated, assumes a blue- 
green colour. 

VARiETiES .—Tin has a slructurc which is compact 
and fibrous internally, and exhibiting concentric bands, thus 
resembling w'nod; it occurs in reniform masse? 1 Toad^s Eye 
Tin shows the character? of wood tin, but on a smaller 
scale i Stream Tin is rolled and worn cassiteritc, resulting 
from the wearing-away of tin veins Of of rocks containing 
the ore: it occurs in the Incds u| sireain?, and in the aJluviat 
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deposits which border theov; much of the tin ore sent Into 
the market Is derived from this source. 

OccurREKCE.—T he most Importaut primary made of pc- 
cujTcnce of cassitcri^e is in pncumatolytlc veins associated 
with granitic and allied racks^ as in Cornwall, Saxony, 
Tasmania, etc,; the chief veinstone is quaru, associated with 
such boron or fluorine fniiierals as fluor-spar, topaz^ tour¬ 
maline, axinlte and apatite; the adjacent country-rdek Is 
altered in suitable cases into a mixture of quartz^ muscovite, 
topaz or tourmaline, called greU^n; tin-silver veins of a 
rather different type are important in Bolivia where they 
are associated with porphyries of hypabyssal or volcanic 
origin; fully one-half of the world ^s supply of tin Is ohi:ained 
from placer deposits resulting from the degradation of tin 
veins, this type of deposit supplying the great outputs of 
MalayUi Dutch East Indies, etc-i and an Interesting elnviaJ 
placer occurs immediately adjacent to the primary tin veins 
of Mount Bigehoff^ Tasmania. Tn addition to the lode and 
alluvial tin deposits, which are of the greatest economic im¬ 
portance, cassiterlte occurs as an original constituent of 
Igneous rocks, such as granites and pegmatites, and as a 
contact-metamorphic deposit in limestone adjacent to granite 
contacts^ 

STAKNINE, STANNITE, TIN PYRITES. BeD Metal Ore. 

— Sulphide of tin, copper anil : 

tin, 27-5 per cent,; zinc is usually present in varying 
quantity. 

Crvst. Syst,^ — T etragonal, appearing cubic (tetrahedral) 
through twinning^ Cou+ FoaaJ.—Crystals rare; commonly 
occurs massive, granular or dlsseminaled. Colour.- —Steel- 
grey when pure; iron-black, sometimes broiue or bell-metal 
colour, occasionally with a bluish tarnish; often yellowish 
from admixture with copper p}Tiles. Streak. —Blackish. 
Lustre. — M etallic; opaque^ Fhact.—^U neven ; brittle^ 
H,— 4 . Sp. Gn.— 5 - 4 . 

Tests, —^Heated in the open tube, gives off fumes of sul¬ 
phur dioxidCf and also forms a sublimate of tin oxide dose 
to the assay ; heated on charcoal, it fuses after long roast- 
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in^ to a brlttk metaUic g^lobiile wkich^ lieated in the oittdis- 
ing^ off sulphur^ and coats the support with 

white tin oKide; the roasted mineraJ affords, in re¬ 

actions for iron and copper. 

Occobre.mce.—O ccufi^ associated with tmssitcrit«r copper 
pyritesj blende or galena, as in Cornwall, Saxony, etc. It 
Dccnrs also m the tin lodes of Bolivia, associated with cas- 
sitcrilc, Bfclver minerals, and salphides of copper, antimony, 
lead, zinc, bismuth, etc* 


LEAD MINEHALS- 

Lead (Pb) is known native^ but is of exceedingly rare 
occurrence. Lead is a bluish-grey metal, whose freshly 
cut surface shows a bright metaUio lustre which, however, 
quickly oxidises on exposure to air. It is soft, may be 
scratched with the finger-nail, and makes a black streak on 
paper. The f^peclFic gravity of the metal is 11-34. It fu^es 
at 327'C*, and crystalliseii when cooled slowly. It has tittle 
tenacity, and cannot be drawn into wire, but is, bow^everi 
readily roltcd or pressed Into thin sheets, or exuded when in 
a semi-molten condition through dies to form piping. Its 
properties are materially affected hy the presence of smaJl 
quantities qf impurities. 

Lead Is easily reduced from its compounds. It is readily 
soluble in nitric add, but is Uule affected by hydrochloric or 
sulphuric acid. It forms a number of compounds of great 
commercial importance, as noted below under ihr. uses of 
kad. 

The principal ores of lead are the sulphide, galena, PbS, 
and the sulphatCt anghsite, PbSO^^ and carbonate, cems- 
site ^ PbCOj. hor the production of lead, the ore jg first 
partly roasted or calcined,, and then smelted in reverberatory 
or blast furnaces. Most lead ores contain silver, and this 
metal is obtained from the lead by cupel la t ion, repeated 
mcLt.1^ and crystal lisa I ion, alloying with zinc, or by elec¬ 
trolytic processes. 

Blende is frequently associated with galena, and as the 
presence of zinc causes difhcuhies in smeltlng,^ lead ores con¬ 
taining more than 1ft per cent, of zinc arc penalised by the 
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smelters, Mechanicsil sepur^tion {dressingf) by ftota- 

iJon-priKzesses, etc-i of tlie two Toinerals is resorted to^ bui 
with losses of both lead and zinc. When aEitimonj is as 5 €> 
elated with the galenaj the ore may be smelted direct for 
the production of antimcnial Jead. 

The uses of lead and its compounds are manifoEd. Tbc 
metal is empKoyt'd in the construetjon of accumulators, as is 
the oxide, for lead sheeting' and piping', cable-covers, am- 
munitioji^ foil, etc. It is a constituent of many valuabte 
alloys, such as pewter, solder, babbitt-metaJp type-meial, 
bronzes, aoti-frictiori metal, and fusible inetaL Lead com¬ 
pounds are empfoyed extensively as pigments, such as the 
oxides, red lead and litharg-e, and the basic carbonate^ white 
lead- The oxide js used in gless-making^p as a hux^ and in 
the rubber industry. The nitrate is employed In caJico 
dyeing and printing processes, the arsenate is used as an 
insecticide, and the acetate is employed in medicine. 

The normal world-producEjon of lead exceeds 1^1500^000 
tons, the dominant producing country being-the United States, 
with about a third of the output, followed by Mexico and 
Australia (mostly from the famous Broken Hill Mines) with 
about a tenth each^ other notable producers are Canada, 
Spain, India and Germany; British ores supply some few 
thousands of tons annua I [y. 

The chief primary ore is galena, PbS; deposits of galena 
oxidise in their upper parts inln oxy-saJts, of which the most 
irnporiant economically are cerussite, PbCO., and anglesite, 
PbSO^. Lead ores occur in a number of ways, not all of 
economic importance; the chief modes of occurrence are as 
lodes or veins, as metasomatic replacements and contact- 
metamorphic deposits, or as di^^^emlnations. 

rnsTH,—'I'fiii: chief tesLs tor trad arc as follovts, l.cifd ci»m- 
pounds colour the blowpipe dame a pale ^by-bJue; this is a 
poor colour and of little value, and, further^ lead compounds 
attack the platinum wire. When lead mineraSs ar^ heated 
aJnnc nn charcoal, they give a sulphur-yellow encrustation. 
When heated with potassium Iodide and sulphur, they give 
a brilJffint yellow' cticrustadon,—this being a good test. 
Roasted with ^imlium carbonate and rfiarco^’d.ou c!ha^t:uu]^ 
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lead minerals are reduded to metallic lead, which shows a» 
a lead-grey be^dp brig:ht while hot but dull when cold; the 
bead is malleable and marks papers 

The minerals of lead considered here are J— 


Sulphide ... 

Galena, PbS. 

Oxide 

Minium fc Pb^O^. 

Carhonate ... 

Cerussite, PbCO,, 

Chlorocathc nate - ^ - 

Phosgenit#, PhCO^.PbClj* 

pfuj locarbofulf a 

Leadhillite, PbS 04 . 2 PbC 0 ^- 
Pb(OH),. 

Sulphate ... 

Anglesite, PhSO^. 

Bo5icr Sulphates,. - 

Fbmbojarosite, PbFe 4 (OH)i, 
(SOJ,, 

LTnarite, fPb,CHlSO,.(Pb,CiJl 
(OH),* 

Ck\(>To-fhosphait 

PvromOrphite* SPhjP^O^.PbCI- or 
>bCl)Pb,(POj.. 

ChloT&-arseriate 

MimetitCp SPb^As-O^^PbCI^ or 
(PbCl)PbjAsO,),: 

Chforo-TUfiodafp..- 

Vanadlnite, SPhjVjOi.PbGlj or 
(PbCI)Pb,(VOJ,. 

CJiroFiMjfe 

Crocoisktek PbCrO^* 

MolyMafe ... 

Wulfcnite, PbMoO*. 


N'ote also lam^somte^ EPbS.Sb^S^^ deficrlbed with anti¬ 
mony minerals on p- 454, l:iOifrFTon/ff, 3(Pb,Cn.)S,Sb„SiP de¬ 
scribed with copper on p. 23^, Freierlehmi/i'e* 5{PbpA^j)S. 
2ShjS,, described vnth silver on p. 247. and sub 

pho-ielluride of lead and |;old, descTil^ctl wlshi^rdd on p. 2^^ 

GALELNA, Lead Gliitiee< Blue Lead. 

Coup. — L ead sulphide, PbS; silver Hulphide i!i almost 
alis-ays present, and galena is tme of the most important 
sources of silver j when sufficient silver is present to be worth 
extracting, the ore is callod argentiferous galena ; zinc, 
cadmium, iron, copper, antimony and gold have also been 
detected in anaiyses of this mineral^ there are apparently no 
C!Lterna1 characters which serv^e to diatlnguJ^h even the highly 
argenuferoiis ores from ordinary galena,—^the question can 
only be solved by analysis. 



THE PESCaiPTlOM OF MINERALS 

Ckyst. Syst.- — C uhic. Com. Fopm,— C ube, ofteo modi- 
Red by octahedral and other forms, as shown id Fig 5h 
p. occurs masslvei uni I or first ly ^rpanular, 

Ci-F-AV. — Perfect cubic^ many spcccmcDs ernmhUng; readily 
into Email cubes when rnbhed or strucic- Colouf- — L ead- 
Streak. — L ead-grey. Lustre. — ^M etaUic, but often 

dull, due to tarnish; opaque^ Fhact,— F lat, even, or sub- 
conchoidal. H. — 2-5, Sp, Gr,—T- 4-7'fl. 

Tests.—H eated in the open tubCj galena gives off sul¬ 
phurous fumes j heated on charcoal,, it emits sulphurous 
fumes, forms a ydlow encrustation of lead oxide, and fuses 
to a malleable metallic globulep which marks paper; heated 
with |yotassium iodide and sulphur oo charcoal, It forms a 
brilliant yellow cncnistatiGn ; galena is decomposed by hydro¬ 
chloric acid, with evolution of sulphuretted hydrogen, — on 
cooling the solution, white crystals of lead chloride are de¬ 
posited which are solubEe on heatings 

Occurrence,^ — G alena often occurs associated with bieode, 
and reference should be made to the description of btende 
occurrences on p. 288 ; ii^einsomatii" dissernLoatloiis areexem- 
pLified by the lead-^inc deposits of the important Tri-State 
field In the Mississippi Valleyp — whether the ores in this 
deposit were derived from below or above is a matter of dis- 
cussEon (see jj, 285J; another t>"pe of metasomatic rcplucc' 
raentj but definitely of hydrothermal origin, is shown by the 
Leadville, Colorado, field. Id which limestone is the country- 
rock; the fa metis Broken Hill lode in iAustralia js of hydro- 
thermal origin and provides argentiferous galena,—it is re¬ 
markable in fhat among the gangue minerals is garnet; 
many other types of lead lodes are knowm^ In several of 
which the galena is associated with silver minerals; pyro- 
metasornatic or contact-metamorphic deposits of galena are 
relalively uniirspoirlant,—one such deposit in which the ore 
occurs in limestone at the cotitacts with granite-porphyry is 
exploited at the Magdalena mines, New Mexico; goJena qf 
sedifnentary origin is not important, — examples of such de¬ 
posits are found tn the Permo-Triassic rocks, as ai Aix-Sa- 
Cbapelle, ivbcre the sandstone contains a small proportion 
of galena and cerussite, most likely leached from lead-ores 
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Qatcropping' wilhin the deniidation-areii. In BriSftin, ^alCAA 
deposits of metasocnddc or hydatogontlic origin occur In 
Derbyshire, Flint, Cumberland, Cardigan, Tsk of Man, 
Cornwall, etc, 

—Galena is the most importaiit ore of lead, nearly 
all the meial of oommerce being derives! from diis source, 

Minlutit Oxide df I^eaiL 

Cosrr,—Lead oxidt, FbaO^. 

CoMr Fovif.— Powdery^ ColiDCS. — Bright red, scarlet, or uran^- 
red, Sti:e:ax.—CS rangE-yellDw. LuBTac. —Faiot, greaiy Of dilB; 
dpaque. K,—SJ. Sf, Cm.- 4-6. 

T?5STfi, — ■ReCoiTE ibE blowpipe in ihe lediickg flanic, yields gkibt^ 
qI metallic lead; othiEr lead tcati giveni oxygon, Lest^ by gloflnng 
splinter, is glvon dS on beau eg in closed tube. 

OccuKKENCK, — Occiira associated with galeriA and sotridiifara with 
ctniBsitc, betag deTiTed by ibc alletatiott nf these niinerais. 

UfES. —I bc red lead of commcrca, wbicb has the same cocopoaiiii^ 
as nunioms Ift a tildci aJtv prepared hy beating lead to form the yra,- 
low ciooOxade, and iben subjecting ibc ctxikd mnnoridD to beating 
aFain at a lower SEusperatu re j, red lead \i used in I be tnaoufacture 
of glass aitd aa a pii^mcuL 

CERUSSITF; Cnruae, White Lead Ore, 

CoaiP-—i.ead carbonate, PbCOj- 

CiiY5rr. Svffr. — Orthorhomb3c+ Com. Form. — Frismatk 

crystals, variously modified^ of ten showing faces of the 
prism (llOJi brachydome (021) and pyramid (lH)r twin 
crystals cnnuriaii, often in cruciform or radiate arrange" 
ments; al^io occurs granular^ massive, compact and some¬ 
times stalactitk. Cof,OLrH . — Whhe or greyish, some¬ 

times tinged blue or green by copper salts. Streak. 
Colourlessr LusTPE-^—Adamantine, inclining to vitrepus or 
rcsi 00115 I transparent to translucent. Fa act. —Conchoidal; 
very brittle, H,—Sp. Gr. — 6-55- 

Tests.—S oluble in hydrochloric acid with effervescence; 
heated before the blowpipe, deerrpitalesand fuses; healed 
on charcoal with sodium carbonate and charcoal yields the 
lead bead, malleable and markbig paper; heated with potas¬ 
sium Itxlide and sulphur on charcoal, gives a brilliant yellow 
encrustation. 

OccurRF^ scE. — Cerussite occurs in the oxidation zone 
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[rad veins, a£.soci3ted with gaieaa and an^lesile^ it may 
result from the dccoriiposltian of ang^l^iie by ’water charged 
with bicarbonates, and since anglesite results from the 
OKidation of g-alena, the sulphide passing into the sulphate, 
eerussitc may he regarded as indirectly derived from the 
decoiupositlan of galena; it occurs at most localities for 
lead ores, e.g. Corn’wall, I>erby shine, Uitcham, Cardigan, 
LeadhlU^t In Britain^ 

Uses- — W htn foiled in quajitity, cemssite is a valuable 
ore^ rankiii^ next to g;alena. 'rhe while lead of commerce is 
the basic lead carbonateT. 2PbCOj.Pb(OH)>a, and is ajii- 
fieially prepared by varioijs pfocesFes, the most general in 
Britain being the Old Dutch Process, in which white lead Is 
produced by the aetjon □£ acetic acid on metaJIic lead cast in 
the form of gratings^—lead acetate is produced, and this ts 
converted into the carbonate by the tiarbon-dloxide liheraied 
by fermenting tan-bark, etc* Wliiic lead may also be pre¬ 
pared by passing carbon dioxide through a solnlloo of ba^iic 
lead acetate, but this product ss usually considered inferior- 
white lead Is used as a pigment, and is sometimes adul¬ 
terated with barytes, etc^ 


Phosgenite, Cromfordite, Horn Lead. 

Com.—CklaTiG'CmrbQtiatt lead, PbCOj-PtClj. 

CiiYST. Stst.—T etragcnal. Cow, Fuaw.—to prisunfllic ezy-EUK, 
Coi-mm.—Whi le, gTry or y^nw_ SiaEAU.—While. Luarai.-- 
Adamaniidc : UranEpareiit to rranElaccnL Se. Ga.-drd-3, 

Tt^ST^. — Di^edves vri(b efferveEcente in hydrUcUoric acid; Jead 
aE detailed in ihe iDtroduction ta the lead minaraltp 
sioltlblc in nitric acid, giving a solndpn which reacts tot cMorsde 
with ElJver niiratTi healed In closed tnbe, colDurlcas |bbu]ea ot lead 
chloride □htamed. 

OcctaifeXflE.—A rare ounexal fotined in the oxidation zanc at lead 
^IcpositE, where it is aEsociatcd with cerusailer 

(^adhiLlite. 

Coup.—S rilj ihatn-raTbonata nl lead, PbSUi-SPbCOj.PbjOHJg,. 

CRaftACTEBs 4 SD OccuuEXCK, — A greyish-while mineral, uystair 
llaing in the Tnonoctinic sySteffl m tabudar crystalSp with a pearly or 
rtsainoiiia lustie; it has a g-ood hasal cleavage^ and splits into dexihlc 
lamina?, H,— □'&- Sp. Cl.~ft’20 S'44f it uccars in load dep^ils ai 
an altaratian-produirt □( galena OJ ceruMSilc in ihe ^one nf caxidalicm, 
as at headhiUE t&cotland) Matlock (Derbyshire), etc. 
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ANGLE^^IT^ Uad Yiinol 

CoMP.—Lead sulphate^ PbSO^. 

Chyst* Svst. — O rlhorhofTibic. Com, Form.—P rismatic 

Crystals, or tabular parallel to ba&al pinaDoidp or DCca- 
slonally in pyramids TaKqusly modified j ibe faces of 
prism and macropinacotd arc often vertically striated; also 
occurs massive and occasionally stalactltie, Cleav. — 
Parallel to the three pmacoids^ but varyiog^ In value. 
Colour,—W hite, sometLmes with a blue, gfrej% green* or 
yellow tint. Lustre. — Lisually adamantine, sometimes in¬ 
clining- to resinous or vitreous; transparent to opaque^ 
Fract.^—C oneboidaU brittle. H.— Sp. GRh — 0'S-6'4r 

Tests, — Heated before the blowpipe^ in the oxidising 
fiame, decrepitates and fuses to a dear g^lobule, which on 
cooling becomes milk-wbite; heated in the reducir^ flame 
effervesces and yields metallic lead ; dissolves in hydrochloric 
add, the solution yielding a dense precipitate of barium sul¬ 
phate on the addition of bariuin chloride solution, indica-ting 
Lhe prtstixicr of a sulphalr; sulpbnte Is also detected by the 
Stiver coin test (see p. 59). 

OcGunRENCE*-—AnglesUe, when found in sufficient quan¬ 
tity, is a valuable lead ore; it is usually associated with 
galena^ and results from the decomposition of that min era E 
in the upper portion of lead veinsj localities are Parys Mine 
in Anglesey I Cornwall, Derbyshire, Cumberland^ Leadhills^ 
Broken Hill (N.S,W.), etc. 

PlumbajpTasite, 

CoitP,—Basic tidphale af lead and iroco, PbFe*(OH)is[SO 

Ceaxactelu asm OccujJiEA-vr . — A dark brown mineral, crystaJ- 
ii^ing in the hexagonal Byilein, in tiny tabular crystals, with apecifiG 
gravity nf 3‘II7,. and tKCUrring in i^rlain mines in Utah in snmrient 
quaiUiiy In be wqtTIt VOtking,—ntherwiac it is rare, 

Linaiite. 

_^sfP.—Basin sylpbat* of coppar atjd lead, lPb,Cu)SO,v[Pb,Cu) 

Cmaiactkis axd OccumaRscB. —'A rare mineral, crjstifiiaisg in 
the mnnorheic systcini^ it has a deep aiure-tHue nnlckUT, and a pale 
blue streak- it occurs in tbe aone of oxidalion nf lead .copper veine, 
aad has bwn found in Cumberlaiid, LaadhifiJi, etc. 
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The Set. 

In whan may be callfd the PyTf)tnorphtf^ S^t are included 
three mii^crals with related properties. Their compositions 
are: — 

Pyromorphttc ... SPbjP^O^.PbCJj^ or 
(PbCI)Pb,(POJ,. 

Mlmetite SPb^AsaOi.PbC]^, or 

(PbCIJPb,(AsOj,. 

Ponadntife SPbjVjOj.PbCij, or 

(PbCl)Pb,{VOJ,. 

These minerals are related to the apatite family, and certain 
in termed fate compounds are known ^ 

The tliree mlneraSs considered here are isomorphou^s; they 
crystallise id the hesfagonai system^ but in a loAver sym¬ 
metry group than beryl- As a rule they show long pris¬ 
matic cryst^s, and their colours are usitally vivjd. They 
occur in the xone of ostidation of lead deposits, as at 
numerous mines In Cornwall^ Derbyshire, Cumberland^ 
Flintshire, Leadhills, Saxony, Elarz, Mexico, and the United 
StateSf and sometimes serve as minor ores of lcad+ 

PYKOMORPHITE, Green Lead Ore. 

Comp.—C bloro-phosphate o£ lead, aPbjPjO^.PbCl^, or 
better, (PbCI)Pb^(FOJa; sometimes a small quantity of 
arsenic or calcium is present. 

CkYST. Syst.—H exagonal; tri-pyramidal symmetry class, 
like apatite. Com. Form^—P rismatic crystals made up of 
prism, pyramid and basal pinacoid, crystals are usually 
aggregated or form crusts; also renlform and bolryoidal. 
Cleav, —^ P arallel to the faces of the pitsm^ in traces. 
CoiJnuRp^^—Green, yellow and brown, of different shades; iJie 
colours sometimes very vivid. Streak. —White or yellowish- 
white. Lustre. —Resinous; subtransparent to subtrans- 
lucent, Fract. — Subcondioidal or unevcii; brittle* H , — 
a 0-4. Sfp Gr.— 6 5-7 i. 

Tests. —^Hcated in the closed tube, gives a white sub^ 
limate of lead chloride; healed before the blowTiipe, alone, 
fuses easily, colouring the flame bluish-green; heated or 
charcoal fuses to a globule which, when cool, assumes a 
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cr^'stallinc angular fornix but without being reduced lo 
metallic lead,—-at the same Ume^ the charcoal becomes 
coated with white lead chloride and yellow lead oxide ;; heated 
with sodium carbonate, yields a metallic lead bead; chlonde 
reaction given by microcosmic salt-copper oxide bead test 
(p- 2b) [ he^ircd with magTieBfcuin in the dosetl lube, and then 
mnistenedp gives a smell of phosphuretted hydrogen; 
soluble in acids. 

OccuRRtNCX*—Pyroinorphite is found in company with 
other ores of lead In the oxidised zone of lead veiiiSp, as at 
the localities cited above. 

MIMETITE, Green Lead Ore. 

Comp. — C h loro-arsen ate of lead , a Pb. As, O.. P bCL, or 
better, (PbCJJPbJAsOj,. 

CR Ysr. Syst.— Hex agonal j tri-pyramidal ; isoinorphous 
with pyromorphUe, Com, FoHif.—Crystals like those of 
pyromorphi tc ; also in botryoidal and crusty fonns^ 
CoixiUR. Pale yellow, brown, white. Streak.— Whke^ or 
whitish. Lustre.—R esinous, li.^-5, Sp, Gr.—T- 1’g5> 

Tests. -Heated in the closed Lube, mimetite behaves like 
pyromorphite; heated on charcoal in the reducing Dame^ it 
yields metallic lead, gives off an arsenical odour, and coats 
the charcoal wItJi lead chlondCj lead oxide and arsetiious 
Oxide, flame coloration, blue and green; soluble in hvdro* 
ehloHc acid. 

V'ARreTY .—Campylits ta a varitly occurring in barrel- 
shaped cry^stals of a brow'n or yellowish colour. 

OccuBRfiMcE.—tn the oxldatloii zone of tead deposits; It 
is a minor ore of lead. 

VANADWITE. 

Comp.—C hlprcHvanadate of lead, 3Pb^V^O,,PbC4, or 
letter, (PbCl)Pb^(VO^)^; phosphorus and arsenic are some¬ 
times present in small amount. 

Cbvst* Svst.—H exagonai, tri-pyramldal, isomorphous with 
pyromorphi re and mimetite; Com. Form.—P rismatic crystals 
tike those of pyromorphlte, often in parallel groups; also 
in Crusts. Colour, Ruby-red, orange-brown^ or yellowish. 
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SiHEAK,^ — White Dr yellowish, Ltj-Rthe. — R e^inoup. — 

3, Sr% Gh _ 6’7-7-l. 

Tests.— G ives the reactions for lead \ salable Id aitnc 
acid, 3 precipitate of silver chloride being givcD with silver 
nitrate solution; vatiAi;tiuin gfiven by the tnicrocosinic sail 
bead,—in the oxidising flame yellow, in the reducing Hame, 
bright green. 

OccurRE bfCE.— hi the zone of oxidation of lead veins, as¬ 
sociated with lead oxy-salts and the other members of the 
pyrcmorphite set, as at many lead-mining Eocalities; also 
accompanies other vanadfum minerals In sediments, as in 
the Triassic sandstone of Alderley Edge in Cheshire* 

Uses. — As a source of vanadium (see p. and as a 

minor ore of lead, 

CBOCOISITE, CROCOITEp CROCOlSE. 

Coup. —Lead chromate, PbCrO*. 

Grvst. Stst. —MonocUnlc* Com^ Form.— Prismatic 
crystals, modified the faces of the prism often striated 
longitudiaally: also occurs in an imperfectly columnar or 
granular condition- Cleav. — ^F rismatic^ tolerably distinct; 
basal cleavage less so. Colour.—^H yacinth-red of di£- 
fereot shades. StheaX- — Orange-yeflow. Lustbi* — 
Adamantine to vitreous; translucent. Fract.— C oncholdat 
nr Uneven ; sec tile. IL — 2’h^, Sp. Gb^ — 

Tests.—H eated in tlie closed tube, decrepitates and 
blackens, but reverts to Its original colour on cooluig; 
heated on charcoal with sodium carbonate. Is reduced to 
metallic lead^ and coats the charcnal with an encrustation 
of chromium and lead oxides; mlcTDcosmic salt head, 
emerald-^grecn in both oxidising and reducing flames. 

Occurrence.— Occurs where Scad minerals have been 
acted upon bv solutions containing chromium, as at Beresof 
in Siberia, in the Urals, Hungary and the Philippines, 

WLFENITE. 

Comp.— Lend molybdate^ ThMoO^. 

CftYST* Syrt. — T etra^naJ, Can. Form.—P risms and 
pyramids, variously modified, — crystals often tabular; also 
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occurs ma^^lvc flnd granulgr. Cleav.—F aralkl lo the face^ 
of the pyrajoid, ^moulh; there also ^ less dislioct cleavage 
paralfei to the basal pioacoid. Cdlduh. —Wast-yelloiv, 
oranje-yeKow^ ye]lowish-|^rey, g:reyi5h-A%hitep brown, and 
sometimes shades of orange, red or green* Streak.— 
\\ hltc- Lusthe.—W axy or adamantine ; subtransparent to 
subtranstiiLent. Fract-— Subcanchoidal; brittle. 

Sp. Gr.^ 3^7, ^ 

Tests,— Heated before the blowpipei decrepitates and 
fuses; With borax in the oxidlifilng flame, gives a colourless 
bead, which, in the reducing flume, becomes opac^iie+ black, 
or dirty green with black specks: with microcxjsmic salt It 
gives in the oxldr^ing flame a yellowish-grccn bead, w^hJeh 
in the reducing Harae becomes dark green; heated with 
sodium carbonate on charcoal, yields meiaHic lead; wml- 
fenite Ls decomposed when healed in hydrochloric acid, the 
addition of a scrap of ^inc to the solution causes It to 
assume a deep blue colour. 

OccifRRescc.—Found in the Gxidised portions of lead 
deposits. 


VANADIUM JVnNERALS* 

Vanadium (VJ does not occur free in nature. It la a 
whitish silvery metai, melting ac about 1720*C* It has a 
great afiLmty for oxygen, a property underlying its use in 
metallurgy. Vanadium ores are treated in various ways,— 
smelting in the electric furnace* reduction by the TJtermit 
process [see p, SOS'), etc., to produce ferro-vanadium p with 
some 30'ji vanadium. 

Vanadium Is used chiefly in the manufacture of special 
steels, such as high-speed tool-steeUp — the vanadium acting 
as a scavenger for oxygen^ and also imparting special pro- 
pertics of toughness, etc., to the sted. In addition, other 
alloys art becoming important. Vanadium sails are used 
for various processes connected with chemical manufacture, 
printing of fabrics, dyeing, ceramiesp etc. 

Vanadium minerals are not abuhdmit. The chief from the 
Industrial viewpoint are 
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,,, pAtTQlUlep poEsihly is a njoat impotlAnt 

vanadium Die* iL occurs in a l«iis-slLape£^ dsp^il Ml MilwriLga 
Peru, &nd ih& an i4 a^ociated witb Qicli;cJ and niqly^dfinnin flul- 
phidca and asphajlic rnaterLaJ, Lbe vhola looking lika a slaly cniU. 
Sflicsie. ... ++« tio^taCfUtOp Tanadimn tnica^ in wbich vana¬ 
dium has fnpUccd iu a small flxtEni the aluminium ot muscovila; 
r04cO£lilc oCcurE in cerlaju guld-tinAlrlE; Vclnap and as flak« rc- 
pliuring the cemeut of ceitain sand^ionga. 

i'‘ap¥£l4^4jre o/ UrB^tivm find PeiMtutn, ..Cnmotite, K^O. 

!!t.l 3 (.'}j,V 30 i- 3 F[ 50 T< TA'hich 3i Dtle of lli* sources of radiLini+ and 
is ibaraitue de5rc:ribti.l with the Uraniutn J-JiiieraH <m p. 4^3 1 it 
Jcoifs as saains and po(-|{«t£ in sand^tviJlM 10 CiO]DradD and el»- 
whfcra. 

pf Littd .TiuiadiiiJtLS Fh^CljV^is a 

member ol fha PyL'OOlOTphitC Set of Lead MLncrsls, [knd l:h0(lg:ii 
it is an ate oi vajiAdluui-., it ta so closely reJated to tba Oither mam- 
bars of iba Set that it is d^ 2 <;Tibed with ihnm on p, 43B. It occui^ 
io iha lona of oxidstloo oi lead- and tcad-cioc deposiLs., 

En addition to ihts^ niEDOtals of economic impni'tancet 
vanadium eaters into the composition of a number of still 
rarer cornples rninerals, some of which furnish a small part 
nf the vannehum output. Here may be meniJoned Mot* 
tramite, a bydrotjs vanadate of lead and copper, which 
occurs as coaling's in the TrSassic sandstoriie of Mot tram St. 
Andrew and Aldertey Edge in Cheshire. 

Tu normal years, the principal producers of vanadium ores 
have been Peru [patronite], Colorado and Utah in the United 
Stales (camotite)p Broken Hill in Rhodesia (vanadinite)^ and 
South-West Africa. 

ThSTs.—Vanadium compounds g'ivc characteristic reac¬ 
tions in the beads. The boras bead is, in the oxidising 
llame, yellow when hot and yeltow-green to colourless when 
cold; in the redudnfj f^amep it is dirty f^reen when hot, clear 
green when cold. The micrEKiosmic salt bead ist in the 
DKEdising dame, yellow to amber eotonredl* and in the reduc¬ 
ing flame^ green. 


TANTALUM MINERALS. 

Nativx TantalLim (Ta) has been recorded hut is exceed¬ 
ingly rare; it Is produced by means of the electric furnace^ 
It is a hard, whitt^ duciitc metal of great tensile strength, 
linvlug a spud He gravity of ldd4 and a melting point of 
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E,850"C- It is extremely re&istant to corrosion, and on this 
account h of use tn cert a in chemical and eJectrica] processes. 
Its industrial uses, though not many, are of considerable 
importance; formerly it was extensively ys^ed for electric 
filaments, but for this purpc^^ its place is now taken by 
tungsten. Tantalum is used in the production of special 
steels, espct^ifllly those used for cental and surgical instru- 
men IS, For tlie addition to steel, it is more usual to em¬ 
ploy ferro-tanEalnm alloys, which are made from tantalite 
(Iron-manganese tan tala Le) in the electric furnace. It Is 
employed also in electrodes^ and a compoEind, tantalum car¬ 
bide, one of the hardest materials known, is used in tools. 
The only source of any commercial importance La the mineral 
tantalhe which is sold on a basia of Ta^Oj. Tantalite 
occurs in association with wolfram and tinstone in granitic 
pcgmatiie-S, and the several small production units operate 
on deposits of this nature, or else allnvial deposits derived 
from similar occurrences. A part of the lantaluin in tanla- 
lite is almost invariably replaced by the closely allied met ah 
colhmhiiirrr or naobiuM, and when the tantalum is subordinate 
Ld amount, the mineral is known as columbhc or 
The only tantalum-niobium mineral considered here is, 
therefore t — 

rofitoLi^^ and Niohate 0/ fron and Mangancje^ — Tanta- 
lite-CoIumbi t [ Fe, MnJ{N b ,Ta] 


TANTAUTE.COLU^fBlTE, Tantnlite-Niobite. 

Cowt*.—Taotalate and niobate of iron and manganese^ 
fFeiMn)(Mb,Ta).Oj: the nearly pure tanlalate la called 
TflfifciJjte, and the nearly pure niobate, Cofuwifci/e. 

CavST^ SysT.—Orthorhombic- Com^ FqbMi— iVismatk 
or tabular crystals* formed of several prisms, the three pina- 
colds, and one or more pyramids j the commonest twin-plane 
is a face of the brachydoitie (021); often occurs massive. 
Cleav.- —Parallel to the macropin acoid ai^d brachyplnacold, 
the former the better, Cof.ouR.—Grey* black or brown; 
sometimes iridescent. Streak-— Dark-red to black. 
Lostre.—S ubmetnllic lo suhresinous. Fract* —Subcon- 
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chold^ to uneven. H. — 6- Sp. Gft. — n-S-^-ST increasing 

with the increasing conlenL 

Tests.^ — Distingtiished from black tourmaline by its 
higher specific gravity and by the shape of the crystals^ and 
from wolfram by its less good cleavage, 

OCCLTKREXCE- — As a constitueut of certain granitic pegma' 
thes^ as in the Black Hills, South Dakota, where very large 
cjy^stals of columbite have been mined, and in similar rocks 
in Western Australia and elsewhere j tantalite-columbitc 
occurs also in certain alLuxnal deposit^ associated yv'ith tin¬ 
stone-and wolfram, and such deposits have been w'orked on 
a small scale. The main producers of the small quantity 
marketed are Western Australia, Rhodesia, Nigeria, British 
India, South Dakota. 

Uses.—A. s a source of tantalum and tantaluriii compounds. 

NITROGEN MINERALS* 

The gas nitrogen (N) makes up some 78 prer cent, by 
volume of the atmosphere. It occurs In combination in nvo 
principal types of minerals, the nitrates^ and the animofiiutn 

miuerfllTp 

The nitrates are salts of nltjic acid^ HNOj. These salts 
are mostly very soluble in watci-, so that their occurrence as 
minirrals is restricted. The two chief mineral nitrates are t — 
Sodium niimU ... Soda Nitre, Chile Saltpetre* NaNO^* 
described on p. 218- 

Putttjjiam nitrofe Nitre, Sattpctrc, KNQj* described 
on p. 2^. 

These two minerals are described with the Sodium and 
Potassium minerals respectively on the pages dted above, 
where their proper! ies^ format ion, modes of octurrence and 
uses arc discussed. 

The umifium'ifm radicle, NH,, occur* as the metallic por¬ 
tion of several mineral salts, for example 

AntnifiHitim Chloride -- SaJ Ammciniac, NH^Cl. 

Ammonium SulphaU ... Mascagnitei (NfJj),SO^. 

Several other still rarer ammonium *alts are known as 
minerals, as for instance* Toylniife* [NH^jjSO^T^KjSO^^ an 
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Ammi>mum alum, (NHJAI{SOJ^.12H,Op and Ammo7ii<>^ 
borile, [NHhut only sa! amtnontac and 
mascag-nJte aru described he-re. 

Tests. —^AJJ the ammonium salts are more or less soluble 
in water, and are easily and entirely volatilised before the 
blowpipe; this characler suOlces to distingnbh them from 
other minerals. They also give the characteristic ammonia 
odour when heated with qutck-lime, or when ground-up with 
lime and moistened at the same time with water^ 

Sal Ammooiae. 

—Ammoniutn chlarida, NH^Cl- 

Cat’ST. Svav.—Cnbic. Com. Fobif.—OrSahednon^, but getiersilif 
nfflorescent pr encTuaiini, CoLDtia-—White wben pnttp ofren ym- 
Ipwish or gmy. l^trSTlE.—rntBrnally TitreoaSp eKletnitlly duH’, trani- 
tncEni IP opaque. TASTTt.—FtinEcnt, cop3 30 i3 »3liDe. H. l-&-3r Sr . 
pH.—1^G3. 

TE^Ta-.'—When ground lO t ninrtar will] aqrtla.-tifnr glvia an am- 
mnniariJ odour. 

OCCOMESCE.—Oemrs as a white rffloreflcieorc In volranic distriPtH. 
Alt sal amitipoiio pf cammoxce ii ao arlificial pitidncrL 

UsEJi.—^Sal ammoniac is nMd in medicine^ in dyning, in soldering, 
la metallurgical prncessea, as H cheniJcal rragent^, And sIbp 

in decEric batteries. 

MaacagTiLie. 

CoHP,-—Ammon tiun sulphaie, INHjLSOj. 

Chyet, StTt-—O nhorhainbic., 

CHAlACTfctS AJTD OccCHiESiCJ;.—Occnrs a!| ycllcrwish.gMy^ pol- 
verulcnt, mealy enuta in the neighboorbood of T^anHS; alsq pcmre 
in guano-depnait* where it is sccatnpanied by Other flunnioiiiiiiD fiul- 
phaies such as (NU^l^SO^.ftKaSO' ; ftiMcagnile has A 

vitreous lusm, and il easily soluble in water. 

PHOSPHORUS MINERALS* 

Phosphorus (Pli forms an acid, phosphoric acid, K^PO^p 
and salts of this acid arc fairly common as minerals. 
Usually, however, mineral phosphates are more complex, 
being phosphates of ttvo or more metals, basic pliosphates 
of various types, or compounds Into which other radicles 
enter. The pho.sphates dealt with in this hook are described 
with their most suitable metallic element. The chief mineral 
phoEphales are the following, their descirptioEis being given 
at the pages cited tn brackets — 
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lithium uliuniniym Li(F^OH} 

AlPO^ (p. 213). 

Apaiifet calcium phq^ph^tc, Buoride and chloride^. 

Ca,(F,Cl)(POA* fp. 2m), 

Aiihmtfff, hydrous phosphate of cakium and uranTum, 
Ca(UO;),P,0,.SH,O (p. 4b^). 

hvdrous copper phosphate, 4CuO.Pa.O|+ 
H,0 fp. 241)* 

Alls nil sife^ phosphate of the ceriiun metals, (Cc,La,Vil 
PO, fp. 317), 

PkosphochiiScite, hvdrous copper phosphate^ flCuO. 
P,0*.SH*0 (p, '241), 

Pyruinor^hiffip chlom-phosphate of lead, Pb^ClfPO^Jj, 
(p. 4371, 

Torhfi^mte. hvdrous phosphate of copper and uraniumt 
CijtOO,l,P,a..l2H,0 (p, 4ff7). 

hvdrous aluminium phosphate with copper 
oxide, CuO.3A1,0j.2P>0,.RH,O (p. 308). 

hydrous iron phosphatCT FeaPjOj.SHjO 
(p. 495)/ 

livriraus aluminium phosphate, 4AIPO^. 
2A1(0H],.3H,0 (p. 3001. 

Tfie uses of the various economically important phos- 
phtltes are detailed under their descriptions, 

Teists,—T ests for phosphates are as follow: \n the flame- 
lest^ many phosphates ^ve a pale blut-greeTi colour^ which 
is increased in many cases if ihe mineral Is moistened with 
strong sulphuric acid; w^hen phosphates are fused with 
sodium carbonate on charcoal, and the fused mass removed 
and transferred to a closed tube with a little poivdcrrd mag¬ 
nesium and i^itedi (he phosphate is reduced to phosphide^ 
whith^ when moistened, ^ives the well-known disagreeable 
smell of phosphora ted hydre^en, FHj. 

ARSENIC MINERALS* 

Arsenic (AsJ is found native^ usually associated with other 
metals, and never in sufficient quantity to repay workinff; 
In combrnatFOn it is very widely disiributed, and occurs in 
many sulphide ores. 
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Ars4snk Is an extremely brsttTe, stccl-grey metal of a bnl- 
liant lustre^ ^»tid hadng a spet^ific gravity of 5-7. Tt is ob¬ 
tained from \ts ores by beating- in retorts, but most of the 
product ion is as a by-product in the smelting of arsenical 
leadn silver, cobalt or copper ores. 

The metal arsenic is employed m small quantiti' in normal 
times m the manufacture of lead^shot and certain alloyS- 
The most Important industrial compound of arsenic is 
ftrs^nic, arscnious oxide, AsjOj, which ts obtained in the 
form of flue^ust or ^*sooi"' m the smelting- of arsenicai 
ores proper and of the numerous arsenicAl ores of other 
metals. The great proportion of the arsenic used in industry 
depends for its employment on the poi.^onous properties of 
arsenic compounds, the mamifacture of insecticides, weett- 
killers, sheep-dip^, etc., absorbing some 70 per cent, of the 
annual output. Other uses are as a decoloriser of glass, in 
paint-manufacture, textile-printing, etc. It is probable that 
the world constimption of arsenic annually Is about RO.OOO 
tons of white arsenic, the chief producers being the United 
States^ Mexico, Sweden, France, Germanv, Belgium, 
Canada, and Cornwall; it is an instructive comment on the 
arsenic situation to realise that one Swedish gold-copper 
mine could supply the whole world demand. 

The most importaot minerals of arsenic from the economic 
view-point are tnhfkkcl or flfsencipynte. FeAsS, with the 
sulphides urpimeot As^S,, and realgar, of less ac¬ 

count. P^ati-iie arsenic is fairly widespread, but not com¬ 
mercially important. Arsenic enters into the composition of 
a uumber of complex sulphides, from some of which white 
arsenic is obtained as n by-product; examples of such 
minerals are: euargitc, Cu^AsS^, tennautite, (Cn.Feh-AsjSi.H 
proustite, AgjAsSj, and rarer sulphides of arsenic, copper 
and lead,—as Indicated below, these minerals are described 
under f^eir more important mEtalllc component. In addition 
to the iron sulphardenide, mispickei; another sulpharsenidc, 
that of cobalt, cobahiie, CoAsS, is important, but it is 
described on p. 49S as an ore of cobalt. Another gioup of 
arsenic minenils are the arsenides of cobalt and nickel 
dc^errbed with the minerals of these two metals,—these 
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arsenides are stttaltiie^ CoAs^p kupfemichd or niccaliU^ 
NiAsp and chloanihite, KiASj. Certain arscnaies, such as 
m ime Ut e, Pbj,C l{ A sO , itriifemte , G u ^ As^O^X'ii(0 H , 
occur in the oxidised portion of arsenical lead and copper 
veins. Olher arsenates sudi as ervihrite, Co.As^O^.SHjO, 
and ortiinher^tep Ni|A5aOj.8M.O, chaxacterEse weathered 
cobalt and nickel arsenide ores respectively* Finally, the 
oxide, ttrjeHoh'fe, As^O^p is known in small quantity as a 
decomposition product of other arsenic ores. 

The primary arsenic minerals occur in lodes or veina more 
or iests directly connccicd with i^neoas intnisiana; the 
arsenates, arsenoiite, realgar and orpimcnt are characteris¬ 
tic of the oxidised portion of such deposits. 

Tests. —The following are the chief tests for arsenic. 
Arsenic compounds^ when heated on charcoal, give a white 
encrustation far froiri the assayp and at the same dme, fumes 
having a garlic odour are emitted. Heated in the open tube, 
arsenic compounds give a while sublimate, which is volatile 
Qo heating- Heated in the cinsed tube some arsenic com¬ 
pounds give a shining black sublimate^ the ari^enk mirror; 
most arsenates give a similar mirror when heated with 
charcoal or sodium carbonate id the closed tube- 

From the foregoing, the following list of arsenic minerals 
may be compiled 


Oxide 

Sulphides 

Su ipha rsttud^s ... 


A rsenides 


Native Arsenic, As- 

Arsenolite, White Arsenic, As^Oj. 

Orpimcnt, As.S^. 

Reialgar, As^S^. 

Mispickcli Arsenopyrite, FeAsS. 

Cobaltite. CoAsS» (described on 
p* 493 w’ith the Cobalt minerals). 

Kupfernickel, Niccolke^, NLAs, [de¬ 
scribed on pp 501 tvith the Nkkcl 
minerals). 

CliLoanthJte, NJAs^, [also described 
with the Nickel minerals on 
p. 502) 

Smaltltep Co As-, (described pn p. 497 
with the Cobalt minerals). 
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M'linetlt^, rh^C|[,‘\sO^)g, (described 
on p. 438 with the l^arl 
rniiieralsK 

Olivendc, CujAsjO|.Cu(OH) 3 , (hm 
p. 341). 

Erytbrite, CojAsjO^.SH.O, (see 
p- 408). 

Annabcr^^tE, Ni^As^O^.SH^O^ (see 

p. M 4 ). 

Sulpkurs^naU Enfir^ite^ Cu^AsS^, (described on 
p. 235 with the Copper mincrjils). 

SiflpharstniLffs Tcnnandte, (Cu,Fc),jAs^S,,, (de¬ 
scribed Qti p, Ii35 with the Cop¬ 
per minerals). 

Proustite, (described on 

p. 240 with the Silver minerals). 

Native Arsenic. 

rosir.—ATMnic, An; oftea with anme antlini:paj anrt tracEs ui other 
Eacials. 

Cl-VST. SrST^—rhnrabohedrjd, COH. F&iM.—^Offcd OC 
rtitt graniilafk masiTie or rcnrfnrnL, nr sKunetiTtiea colunuiai or sialac^ 
tide. CoLouiL—On recent irstteirEs^ tiii.¥ihite, but qaiciUy EarolBh- 
ing to a dark Rrey. SncATt^^Tin.white. CrSTaKv—Ncarlj nictllhc, 
PHACT.—Unevda and franular-, hririlc H.—3 5, S?. 01.—6 7. 

Tksts.—G ivea ihe. reaclioflS tor arsenic rqgJitiDiied in ihc iattodnC' 
dm on p. 447. 

nccni?.scs*--Naiive arsenic ocean principzLUy C9 a minor con¬ 
stituent nf certniD lesyl, silver, nickel or cobalt ores, aa Freiberg 
m Sa^nnyp Joedniaatbal in Ttobcxnia^ cti^ 

Arsen oUte, White ArseniCr Arsenioiiij Acid. 

Come.—A rsenic trlonide^ AaiD^. 

CiviT. Pystj—C nbic. 

CFAJtACTEis A(iB OccofcfiExtE.—Arsfoolits !Ji ncH A mineral ui 
COtnmnD oecumtlcc In natnre. bi]l n aotnclims met with in white 
fine CApiTlftry crystals or enrStSj resulting from the d&compcsition nf 
arseriicat ora; it is, liowwiitr, exiensiveij' niannfartur^, and, on 
acdount of Its very poisocvoiia propertinaT, il of great ecnnnnnc im¬ 
portance in the manufAdutc of insecticides and the like, as ex. 
plained in the introdiictira on p. 4*li. 

ORPIMENT. 

Comp.—A rsenic trisutphide, As.S;, ; arsenic fiH5 per cent. 

Ckyst. Bv£T.—M oaoclinic. Com Form.—C rystal rare, 
usually occurs foliaceous or massive. Cleav. —^Perfect 
parallel to the dinopinacoid; the laming arc flcirible 
but not elastic; seetde. GoLC3tjR+ -— Fine leoKJO-yd- 
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low. Streak. —V ellow. Ly^THE.—Pcarlv and brilliant on 
ctcava^E-faCESp ctsewhere resinous or doll; subtrairsparcnt 
to sub translucent. H* — i-b-2. Sf. Gr.— 34-S'5. 

Tests.—H eated in closed tube, gives a reddish-yellow 
sublimate; heated on charcoatp emits sulphurous and garlic 
fumes and forms a white sublimate far from the assay; 
heated in the open tufac^ white volatile sublimate and garlk 
fumes formed* 

Occurrence. —Occurs in the oxidised portions of arsenic 
veins; in veins associated with antimony ores as at Kapuik 
in Tranirj^Ivanla^ Kurdistan in Asiatic Turkey, etc.; it also 
occurs as a deposit froiri some hot springs, as at Steamlx^at 
SpringSi Nevada, and as a sublimate from volcanoes ai 
Naples* 
aEALGAIt 

Cofcip.—Arsenic monosulphidUp AsS ; arsenic TO- 1 per cent. 

Cpy3T- Syst.—M onoclinic. Co^^ Form.—P rismatic crys¬ 
tals, rare: usually occurs massive or granular. Colour* — 
Fine red, or orange. Streae. — K ed or orange- Lustre.— 
Resinous; transparent to translucent* Fhact.— Conehoidal 
or uneven. H.— I'5-?. Sp. Gr.—3-5Q, 

Tests.—A s for orpiment (see above). 

OceuH RENTE.—Occucs assoclated wilh orpiment, to 
which mineral it changes on exposure; ofxrurs as a deposit 
from hot Springs, and as a volcanic subUmate; common in 
veins, where It may occur as nests or nodules in clay, or as¬ 
sociated with cinnabar, as in Tuscany, Galicia, and Spain. 
mSPlOtEL, ARSENOPYRITE, Arseiueal PfHteiL 

Cowp. — Iron sulpharscnide^ FeAsS ; arsenic 46 0 per cent. 

Crvst. Svst.—O rthorhombic. Com^ Form.—P rism, mosMy 
terminated by' horizontally striated faces of the brachydome; 
also massive* Gleav* — Parallel to the faces of the prism* 
CoLOUK. —Tin-Tvhite, or Rilver-white, inclined lo steel-grey* 
and tarnishing pale copper-colour on exposure. Streak.— 
Dark grey ssh-bEack* Lu^re.—M etallic. Tract .—Uneven ; 
brittle' gives sparks when struck with steel and then emits 
a garlic odour. H.— b’5-6, Sp. Gr. — 

Tests.—H eated before the blowT'pc gives rise to arseni¬ 
cal fumes and fuses tp a globule which is attracted by the mag- 
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nut; heated In the dosed tube, ^Ivos first ihe red subUrnaU 
of arsenic sulphid-C, and then the bTack sublimate of arsenic; 
heated in the open tube gjives sulphurous fujnes and a white 
sublimate of arsenic oxide; heated with hydrochloric aetd, 
g^ives sulphur. 

OccurRE tJCTS-—^Occurs in tioi copper, cobalt, nickel, and 
especial!V lead and silver velns^ usually traceable to Igneous 
intrusions; examples of pnemnatoivtic veins (tin and 
copper) are those of Cornw^aJ! and Dev'on^ — Tavistock, 
Botallock, Dolcoath, of the Viydatogenetic veins (lead, 
silver I etc4i Sajcony, Leadvillci etc.; abundant in quarti- 
rich veins in Hastings County, Ontario. 

UsE-S. — As an ore of arsenic, 

ANTlfllONY FUNERALS. 

Anumony (Sb) in a free state is of extremely rare occur¬ 
rence. The chi^ source of the metal is the sulphide, sfib- 
rate or anhin^imiie. SbyS„ which is widely distributed, but 
found in workable quantities in comparatively few localities. 
Metallic antimony is a tin-white, very brittle tnetal, with 
a crystalline structure. It has a specific gravity of 6^7 and 
melts at 630’C. 

For the production of the metal, the sulphide Ls frised from 
its gangue by liqualioa and reduced in reverberatory fur¬ 
naces, or the crude ore Is volatilised in a blast furnace, and 
the condensed fumes reduced in reverberatory furnaces. On 
the market the liquated sulphide Is caJled '* crude anti¬ 
mony,” while the metal is called rcgulus of antimony.” 
The first quality of refined antimDny is known as star 
antimony/' owing to the f cm-like markings on its surfacen 
AntliDDuy ore is usually sold on a 50 per cent, basis, gold 
and silver being paid for by some smelters. particularly in 
France, where the volatilisation process is employed. Anti- 
mouial lead ores, free from gold and silver, are commonly 
smelted direct for " hard ” or “ aniimoniallead. 

The chief use of antimony metal is in the productioa of 
important alloys, such as type-metal* anti-frictiQii metals h 
peivter, etc,* and for hard lead. Its compounds arc used 
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for ft vaTiety of purposes, such as for pigments, in inedicinEj 
as a rnordant, Jn the manufacture of opaque enamel warsi 
and in glass and pottery manufacture. 

The world pr£ 3 daction of antimony probably amounts to 
about 25|000 tons per yearp the t:ihEef producer being China^ 
followed by Mexico, Bolivia, France, Italy, Jugoslavia, Japan, 
and Austria; very little ore is produced In tlie United htates, 
and production in the British Empire is limited to a small 
oulpiit from New South Wales. 

The ftcititnony minerals ftte as follow. The element 
occurs as anh'niijMy in small amoont, but Lite most 

important mineral is fhe sulphide, antimt^niU or stihmU^ 
SbjSj. A series of oxygen-compounds occur as weathered 
products of the sulphide ores, and among; these are the 
oxides jcRarmouiife, Sb^O, (cubic), valAntinite^ Sb^O, 
(orthorhombic), esrv^ntiis^ Sb^O^-SbaO^, and the oxy-suh 
phide, hermssiU, 2 SbaS^-Sb 30 ^. In addition to these purely 
antimony minerals, the element also enters into the com¬ 
position of a large number of complex sulphantimoniteSt of 
which the following are considered in this book,^— 
jamcionHe, 2PhS.SbaS,, dealt with here ivltii the antimony 
minerals; a group of silver sulphantimonites, such as 
Stephanie, Ag^SbS^, pyrargyrite, Ag^ShS^., p<siyfcct.-tife, 
(Ag,Cu),,(Sb,As),S,„ jr^tesleb^ife (Pb,Aj-}*Sb,S,;„ cic., 
which are consideted tvith the silver minerals, and a group 
of copper sulphftutlinQnilies, such ns hournonh^, Cu]*bSbS,t 
teimh^driff . Cu.SbS,, which are 

considered wltii the copper minerals. 

Antimony ores occur both in deposits asMciated w ith vol¬ 
canic rocks and also more deep-seated veins formed under 
moderate to high temperatures and pressures. Thus stibniie 
often occurs with mercury ores, but is more common in 
veins writh a gangue of quartz and but a small proportion of 
other sulphides. Certain of the replacement galena deposits 
show^ antimony minerals 5 uch as jamesnnite and stibnite. 
The surface oxidation of these primary antimony ores leads 
lo Ifie formation of the oxides and oxy-sulphide mentioned 
above. 
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Tests^—T he following are impoflant tests for antimony* 
When antimony compoands arc heated on c'harqoalt a dense 
white subSimate ia formed as an encrustation near the assay^ 
—the nearness to the assay, and the absence oF any charac¬ 
teristic fumes distinguish the reaction of antimony from that 
g-ivcti by arsenic ; heated in the open tubEj antimony coim 
pounds give a white sublimate of oxide of antimonyt which 
appears as ^ ring near the assay; heated with sodium car¬ 
bonate irt the closed tube, antimony eompounds give a re<l- 
browm sublimate, which is black when hot* 

The following rninerals of antimony are considered in this 
book t— 

Erement Native Antimony. 

f Senarmonilte,, cubic. 

O-vidftjf Valeniinlte, Sb;,0*, orthorhombic. 

1 Cervaniitc, Sb^Oj.Sb^O,. 

... Antimonite, Stibnilc^ Sb^Sj. 

Oxysulphids ... KermesJtc, 2Sb.Sj.Sh50a. 

TatnMonite. Pb.TeSh.S^^. 



Described 
with the 
Siluer 

mineraSs 
on pp. 

241-^247. 

Described 
with the 
Ctypper 
mintrals 
on pp. 
234-230^ 


BonrnonitCp 

Cul’bSbS,* 


Tetrahedritc, 




Famatiriitc, 


\ Cu^iSbS^. 


Native Antimony* 

COMT.—Aniimony, Sht Smirttlmes With traiies of ailverp irna or 
jiraeflic. 

CtfiT. Stst,—H exagen^l, rtLambohedral. Coifl. Fam.—LJffuallT 
occurs Enaatve^ granutiir or lankeSlar. Cleav.—P orfed basal. 
CutjoEfm^ — T ia-wkiie. SnsAit. — Tm.wbitc. hu^oMX. — Metallic j 
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dtpaque. FSaop—U neven; \^Ty brftt!*. IL—3-3'S. $r Gi—6-8- 

Test?,— Keatcd before the hfot^pipc^ fuses eassLy, giipujg off white 
fumes of motittiOCtfoLLg Uxliie^ ivhkb eonddosa and form a white eu- 
crustatiqn Qfl the mtit ihc uaay. 

Oci:uiffii^sci. —lu ^fliiLs associated with aiibniEc or ores oE ailwr 
ut arscnjcr. 

S«narmonfrt«. 

Cun P.—A nlimony trioiide^ 

Cbvst. Stst. — C ubin, 

Chj,1!ACT1%13 and OccTTEJiENCE.—A white or gTerieb mlueraJ occur¬ 
ring in <KtoPedrLl cxysiala ei cruslS, and anaing by the OXidaiiDn of 
primary antimony oreaj eommen at Djebel-Harninate Mine, Algeria. 

ValcfitJnlte. 

Cuur.—Antimony trfoxide, 5bjO|. 

CaveTr Stst.—O nborbonibic. 

Chaiactees anp Occt-TCKF-scc .—a white, greyish or reddiah 
mineral, posseting a perferE clenA^agc paxalld m the brachydnine^ 
occurring in priamatlc crystalu o/ crusia and re«ulting frum the 
nxidation ot vanoni adEimony ores, as at Ihe DiebcMlaminate Ulue^ 
Algeria. 

CerTmntite. 

CuMP.—Antimony ^K{dE^ SbjO^.Sh^O^. 

Chyst. SlfiT.—OYthorhoinhii:. 

Chan ACTE as and Occuiuence.—Occqts as acicniar or powdary 
cniS^El of a white or yeUow cohmr^ and leaulling [rum the umidatioc 
of primary anliitioily ores. 

ANTUIONITE, STJBNITEp Antimonf Cliuice, Grey Anllmiiiiy. 

Coajp-— Antimany trisulplude, Sb^S^, ; antimbny 7i'T per 
cent. 

Cbyst. Svst.—Q rthorhQtnbiCni Com^ —Elongated 

prisms strialed longitudinally (see Fig. 13&); coinmonly 
found in masses of rntlifitiTig cry5taJs+ or with a colunmar 
or bladed structurE; sometimes granular. Cleav.—P erfect 
parallel to the brachypinadoid. Colour.— Lead-grey. 
Streak. —Lead-greyv Lustre. —Metallic; liable to tarnish, 
and sometimes iridescent on the surface. Fract*—S ubcon- 
choidal; sectile; brittle, but thin lamime slighiJy flexible. 
H.—2 , Sf* Gr.—4‘5-4 0 . 

Tests.—H eated in the open tube, antimonTte gives off 
ai]timoni6us and sulphurous fumes, the former condensing 
as a white non-volatile sublimate^ while the latter may 
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rei"Ogiiist-<! Ijy iNl* uduiir; hentf*d on churoDdi^ fusers 
and gflves a white encrustaticn near Ehe assays fuses easily 
in Lbc fiarne of a candle. 

OccuARFNce.—The chief mode of oocurrence Ls bi querti- 
stibnite veins^ but it alao occurs as-soclated with other anti¬ 
mony minera]s„ lead-zinc sulphides, 
and with qnarce, dolDmitc, caldte and 
barj-tes as ifieinstoneSg as in Corn¬ 
wall, Westphalia, Saxony ^ etc* The 
great Chinese deposits of Hunan oc¬ 
cur in brecciated sand stone in which 
the anlimontte occurs as irregular 
stringers^ veins and pockets ^ antimo- 
mie is a primary mineral oxidising to 
the antimony oxides described above* 
Uses*—A ntlmonite U the chief source 
of the antimony of commerce; anti- 
monite has been used In the Bast 
since earliest times for darkening the 
cvelids. 


Fin^ 135 l—A nti- tvenne^FitE, Red Aotimopj. 

iiionlte, Cua?, — AotimoD^ oxy-sulplild«. 

Cai' 5 -c, S\:ST, — Orthurhombic or jnanodinic- 
Cn4iAcreii:!F ami OcctrinZHce. — OoiTun ^ wd oeedhs-fibaped tuya- 
T*Ia, jmd results tr™ the aiifij^Ucm of atihoite la Um oiii^secl xcidb* 
of tmimoay deposits, being e stage mwiird^ the fnrinatloa of tb^ 
oicides, aenanmmtite And TnlEmtln willi which it ia dftep aSAe^ 
ciAted. 



JAMESONITE. 

CuMK—LeacS sdphaniimonite^ ; antimony, 

29 5 per cent. 

CaYSt. Syst,— Jkfonodinic* Com, Fokm.— Acicular crys¬ 
tals^ often with featber-Iike formSp giving the variety^ 
l>lutnojtiie or firather-ore; ;ilso fibrous ans.! imissive. UtF-vv. 

_Perfect basal* Colour.—D ark lead-grey* Streak*— 

Greyish-blade- Lustre. —^MetaUic, H.— Sr* Ge.— 
55 -fi. 

Tests.— Gives reacdons for antimony in the open tube? 
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filled on charcoal wiih sodium carbonate and charcoal» 
g-jvfs metallic bead of lead ; lead also giv^jo by the pFotassiurn- 
iodide and sulphur test [see p. 27J; jainesonUe Is soluble in 
hydrochloric acid, a precipitate oi lead chloride bein^ formed 
on caDUug. 

OccLFBREi^CH,—!□ TciiLs associated with stibnltt, and 
tetrahedrite and other Icad'^silvcr sulpho-salts; some locali¬ 
ties are EndeliloD, Cornwall; Foxdale+ Isle of Man; Dum¬ 
friesshire, Scotland; etc. 

BISMUTH MUSERALS* 

Bismuth (Bi) occurs in a free state in nature often asso¬ 
ciated with silver, gold, copper, lead and other uLmerals. 
It is a greyish-white metal, with a slightly redchah titige, 
lustrous and very brittle^ and having a speclhc gravity of 
and melting at 271 "C, Bismuth is obtained by smelting 
the dressed ores in small reverberatory furnaces or crucibles- 
The main source is native bismuth and sulphide oresi hut a 
considerable portion of the production now corner from the 
anode slimes resulting from the electrolytic refining of 
copper and lead. The market for bismuth is very uncertain, 
and statistids of production are incomplete. Before the 
War, Bolivia was the chief producer, but Its production is 
now shrinking; Canada supplies a considerable amount from 
Eead-rehning plants, wluLst Australia, Japan, Peru, ^pain, 
Sweden and other countries produce some. The uses of 
bismuth arc limited, and the output of the metal is more 
than adequate for the demand. Bismuth salts are usec^ in 
medicine^ and to a limited extent In pigments, glassi etc-; 
alloyed with tiOp leadi mercury| etc,* bismuth forms a series 
of alloys With low melting points, the fusible metals^ which 
nre important in certain Industrial processes, e+g. casting, 
and are also employed In certain appliances such as auto¬ 
matic sprinklers and similar apparatus. 

As already noted^ bismuth occurs as the native elernent^ 
winch with the sulphide,, bisTnuthinite, and various 

complex lead-bismuth sulphides nut dealt with in this book^ 
are of primary urigin. The chief oxidised minerals ate the 
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oxide^ a^krr or bismite^ and the basic car- 

bi^oale. A telEurlde, 

Bj 2 (Te+S)j* is described with the tdlurmm mlncfiLs on p. 473- 

Bismuth ores DCcLir in three main a.^socraTians,— (i) ivith 
tin and copper minerals* as in the Bolivian clepositSp (2) with 
cobalt* as at Schneeberg^ SaxonjiTi and (3) with galdp as in 
the Australian deposits^ 

Tests. — B ismuth cumpoiinds react as foltow^s. When 
heated on charcoal with sodium carbonate and charcoal, they 
g'ive a brittle, metallic beadp which volatilises on heating to 
give a yellow encrustation. Heated with potassium Iodide 
and sulphur, bismuth compounds give an encrustation ivhich 
is yellow near the assay, and scarlet in the outer parts. 
Sotutions of bismuth salts bccouie milky on the addition of 
water* owing to the formation of insoluble basic com- 
pounds, which are redlssoked on the addition of an acid. 

The bismuth minerals dealt with in this book are:— 

Element ... Native Bismuth* Bi. 

Oxide ... Bismuth Ochre, Rlsitiite, Bi^Oj. 

Carbonate Bismutitc, BijCO^.H^O, 

Dismuthiiute* Bi-S,. 

Tell u ride . Tetradymilei Bij(Te,S)a, described 

with the TeUurium minerals on 
p. 47S. 


NATIVE BfS>rUTiL 

Comp.—B ismuch, Bi i sometimes with traces of sulphur^ 
arsenic and tellurium. 

Chyst. bvsT.’ — Hexagonal* rhombobedral. Com. Form. — 
Crystals are rhombohedra, much resembliog cubes in form; 
usually found massive, tohaccous, or granular; also in re- 
tlculated of plumose forms. Cleav. — P erfect parallel to the 
basal pinacoid, less good parallel to ^ rhombohedron. 
CuldUm. — bilver-’white, with a faint tJrige of fed+ STRliAic- 
— Silver-white. Lustre^ — M ciallic; easily tarnishes; 

opaque. Fkact.— When cold, brittle ; when heated it is some¬ 
what malleable; sectile* H. — 2-2b. Sj*. Ge. — 9 7-9'8. 

Iests.^ — H ealed cm charcoal* native bismuth fuses and 
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volallltse^, forrnii;^ fln oranj^fl-rcd EncrusCndon; aft^r fusion 
in a ladleH bismuth irrystallises readily; di&.solve^ in hjItjc 
add, the solutiorii becoming* milky when water is added; 
heated on qharcoaJ with polasdum iodide and suiphur^ bis¬ 
muth gives a brilliantly coloured encrustation, yellow near 
the assay I scarlet farther away* 

OccuPREKGE.^^—Occurs in veins associated with ores of tin, 
silver, cobalt and nickel, and also with pyrites, chalcopyritei 
quartz^ etCr, as in Bolivia^ Schneeberg in Saxony^ Australia^ 
etc. 

Uses.—A s an ore of bismuth. 


Bkniiilh Ochre, EisiniteH 
Cojur.—Bismuth trioxiiic^ 

CitA^ACTEKS AND OcctTBuxs^cx. — A ytttow eiitby puh^ruleot miuefol, 
uaualJy iinpurn and hydtated, cjocurring as an alteiatioD-pTOducl on 
biwmti and biamathidite. 

BiKiduMte. 

Comp.—B asic bismuth carbematB, perhspA DcjCO^-HaO. 
Chaiactebs A.vp OecuaicEjJCE. — A wbiTfi, iHj or ycUdwiih 
mliijcraJ^ ddcurriD^ fihroui9i di earthy ctualSi and resiiUin^ fmoi the 
aJleraliotl cf native: bl^uth i^d hhudnlhiailc. 


B ISM 1) TUlNFfE, Bismuth Glance 

Comp. — Bismuth sulphide, 

Crtst. Svst.^—O rtliorbofubic. Coil^ FoRm.^—S mall needle- 
like crystals ; usiinlly massive. CoroLTE*^ —^ Lead-grey* but 
tarnish common. Lustre. — M etallic; opaque. H.—g. Sp, 
Gr.— 6 ’ 4 -fl^ 5 * 

Tests.—H eated before the blowpipe, bismuthinite £use% 
easily; heated on cbarena] witli potassium iodide and sal- 
phutp it gives a yellow and bright red eocrustatioii; heated 
Ln the open iubep gives sulphurous fumes; soluble in nitric 
acid, a white precipitate being formed on addition of water. 

OcGLTRKENciE.—Occurs lo veins assnciated with copper, 
leadi tin and other nresr as in Cornwall Cumticrlaud^ 
Saxony, Bolivia, etc. 

Use.-—A s an ore of bJEmutli^ sis In certain mines in 
Bolivia. 
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CHROJnUltf MINERALS. 

Chromiiim (Cr)^ never found m nature except in combioa- 
Ieohj is produced by reduction of its ore by carbon in the 
electric fiirnace+ or by the Thermit process mentioned on 
p. 302, It IS a brilliant white inetal^ havings a specific gravity 
of about 6"5 n melting- at about 1,550X- It possesses 
the property of Imparting to iron and steel a high degree of 
hardness and tenacity, and for that reason has become In 
recent years of great industrial importance. For this pur¬ 
pose an ahoy of iron and chromium (rerro^rome* produced 
TO ^he clcctrte furnace] is commonly used ; it is cheaper to 
make^ melts at a lower temper at urtr^ and h consequently 
better under control than the pure metal. Stainless steel 
contains as much as i8 per cent, of ehrorniunn. The com¬ 
pounds of chrornium are also of considerable industrial im- 
portance. Chromite, an oxide of Iron and chromium^ Is used 
very extensively as a refraciory material for furnace linings. 
Other salts, artiBcially prepared^ are u^ed as pigments, and 
in various lodustries, such as cbfomlum-platitig, dyeing ^ 
lanningt photography^ etc. 

The only source of chromium is chromite, chrome iVon 
FeCrnU*. The world production of chromite is pos¬ 
sibly on the average about half a mlUlDn tons annually; the 
chief producing countries arc Russia, New Caledonia, 
Rhodesia and South .Africa, Turkey, Cuba, India and Jugo 
slavia. Chromium also occurs to some extent In various 
roek-formlog minerals, such as the chrome-spinel, ficofilv 
(see p. 3D7) and the chrome garnet, jfnaroirzfe (iee p. 392). 

lead chromate, PbCrO*, is described with the 
Lead miner^ils oo p, 430. 

Tests. — T he best tests for chromium are provided by the 
beads I chromium compounds produce a fine green colour in 
Instil borax and micrr!H:osnik- salt l^eads. 

CHROMITE# Chrotnic Iran^. Chrome Iron Ore. 

CoMP-—Oxide ot iron and i:broniium, FeCr,Oj. 

Cryst. Syst. —^ C ubic. Com, Form-—O ccurs m octaliedra, 
but is commonly found massive, having a. granular or com¬ 
pact structure. CoLOUli. — Trt>n-black and brOwnlsli-bJEckr 
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Streak. — Brown. Ldstre.— SuhcietaJlic^ oltcn faint* 

Filact. — U nevenp soinctEines r^tthtr fiat; brIttSe. H.— bTi. 
Sr. Gr.^-5-4’S. 

Tests.'—I nfusible in itie oxidising flame, white in the re¬ 
ducing flame, chromite becomes sbghiJy roimded on the 
edges of spUnterSp w hich on cooling are rnagnetic; heated 
with sodium carbonate on otiarcoah dirouiite is reduced to 
magnetic oxEde; the borax and rnicroCDsmic salt beads are a 
beautiful chrome-green, this cotour being renderetl more in¬ 
tense if the mineral is first fused on charcoal with metallic 
dn. 

Occurrence.^—C liromiie occurs as a primary mineral of 
ultrabasic igneous rocks, peridotites,. and their tnodificatioiiSp 
serpentines; it also occurs In basic gabbros. Usually, the 
chromite occurs as small grains^ but by the segregation oi 
these grains, ore-bchdies may be formed as those of Norway, 
Rhodesia, Smyrna, and New Caledonia, — the ore-bodies con¬ 
sisting of a peridotite extremely rich in chromke. There has 
been considerable discussion as to the time of crystallisation 
of the chromite, whether early, laic or even during a hydro- 
thermal stage^ Being very obdurate, chromite occurs In 
detrital deposits^ 

MOLYBDENUM MINERALS. 

Molybdenum (Mo) does not occur in a free state in nature 
but may be prepared from its sulphide, the minrral molyh- 
denke, directly in the electric furnace, or by the reduction of 
its oxide by means of carbon^ or by the Thermii process 
mentioned under aluminium on p. The metal has a 

specific gravity of about 8'6, melts at about 2^500 C, and is 
white or greyish, and brittle. Molybdic acid forms salts 
known as molybdates 1 examples of w-hich occur as minerals; 
thus, wtilfmilt is lead molybdate, and molyhdiie is possibly 
a hydrated Iron molybdate. Molybdic acid is employed ouly 
in the laboratory. Ammonium molybdate is a special re¬ 
agent for the detection of phosphoric acid, a small quantity 
added to an add solul’ion containing phosphates producing 
after Home dme a yellow precipitate. The principal use of 
mnlybdenum is in the maiuifacture of special steels, and for 
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thl5 purpose fcrro-malybdenum Moy is freqaenUy used in 
pl^ce of the metal, - MaljbdeAum aJloy^s arc receiving atten¬ 
tion, and the metal la also employed in certain electrical 
apparatus. 

The Ores of molybdeimni are t^vo+ the most important 
being iJie sulphide, rnalyhd^nit^t MoS^, the less importatrit 
biding lead molybdate, wulfsuite, PbMoO^,—this latter bemg 
described witli the Lcarl niinerais on p. 439. Molybdenite oc¬ 
curs in deposits associated with acid Lgoeous rocks^ whilst 
wulfenite is found in the oxidised portions of lead- and 
motjbdenurn-bearing deposits. Molybdenite is a widely dis¬ 
tributed nre^ but frequently occur*! in small veirts or scattered 
in tiriy Hakes through-the rocks^ so that a cnncrntratlon by 
table-dressing, Dil-Hotatlon, etc.^ is necessary. The annual 
world production of molybdenum ores contains atw^ut 3+(K)0 
metric tons of metal, and ih^ demand appears to be tnereas¬ 
ing. The chief source is the United States [Colorado and 
Kew Mexico chiefEy), Jess important being- the Knabcn ^^ine 
in Norway; molybdenite is also produced sporadically and in 
gmall quantity by Australia (Queensland and N.S-W.I, 
Korea, Mexico, Canada, Morocco, China, etc. 

Tksts.—T he chief tests for itsolybdenum are tlie follow¬ 
ing.—WTien heated on charcoal^ molybdenum compounds 
give m tin* oxidising rlamc a white encrustation, which be¬ 
comes blue where touched by the reducing Hame. Molyb¬ 
denum compounds colour the nucrocosmic salt bead yellow 
when hot, coEpurless when cold in the oxidising flame; the 
bead is green in the reducing flame 

The two chief minerals of moEyhdenum have been men¬ 
tioned ^ nameEy the sulphide^ molybdenite, and the lead 
molybdate, wulfcniie. It was considered till recently that 
the oxide occurred as the mineral molybditc, but this 
mineral has been shown to be most likely a hydrated Iron 
molybdate, possibly FejOa.3MoOjp3HaO, The molybdenum 
minerals considered in this book are therefore 

5ufpkide ... Molybdenite, MoS^* 

Molybdtii^s .. Wulfenlte, PhMoO^p described with 
the Lead mlneirals oh p. 439- 
Molybd] te. .3MoO^ .8 ?1 
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MOLYBDENim 

Comp,—M olybdenum sulphide, MaS,« 

Crvst. Sv_st^—H e^^a^oriaL Coai. PoRM,—Ususlty in 
=iCflftss also massive, foTlaccous, and .^rneiimes granular, 
Cleav.—P erfect basal; the tamins are flexible but not 
elastic, Cololsr, — J, cad';grey; Streak.—G reenish lead- 
greVt the greenish tint dLsllngTiSshing it from that given hy 
graphite. Lustre. — Meisilic; opac^ue. TtsAcm.—Scctilc, 
and almost malleable. H. —^1-1-5, easily scratched by the 
finger-naiL Sp, Gr, — 4'7-^'a, 

Tests. — Flame-test, yeliow-grcen; heated in the open 
tubep gives sulphurous fumes, and a yellow sublimate of 
molybdenum oxiefe; healed on ebarenal, yiebls a strong sul¬ 
phurous odour* coats the charcoal with an encrustation of 
fnoivbrfenum uxide^ which is vellow while hot, and white 
cold. — this encrustation is copper-red near the a^isay, and. If 
touched with the reducing Hame, becomes blue; the mlcjo- 
cosmic salt bead is green. 

OccupPEN'UE.^Molybdenite occurs in d^po^lts ibat can In 
most cases be traced la an add igneous body: thus It is 
found in granites and pegmatites as an original constituent* 
though often of late formaiiori, and it occurs Inquartr veins 
connected with such rocks ; it is also found as a mineral of 
contact-metamorphlc or pjTOmeta&omatic origin. 

— Molybdenite Is the chief ore of molybdenum, 

iVlotyfadlte, Ferrimolybdile. MolylHtic Ckhre, MoljbdenjL 

rnur. —Formerly cofiSKfer^ to t>c molybUiC OHde, MoO,. bat rc- 
ccntlt ihow'n to be taoat liMy ■ bydraicd iron molybdaie, possibly 
Fe-O^.SMoOa^.SH-O. 

Cbvst- &TSr.—Dr(hi>rbnrabKc. Com. Fowm —As an eartliir powdci 
or encrustation^ or iS Siliy, Ghroiis and radUling rry^lallisatitjos. 
COLOirt-^Straw-ycTlow,. nr hilfi. LCSti e,— ?litW to adanraO- 

(.ine; nf amorphDUa ferrms, earthy llfld duR R,—1-2. Gtt- — 4-5. 

TESTS.—Heated aJone on cbAfftMl], yi^da a white efncrostBlaon. 
wHicb is v^Advf while bat. snd copper-fed roand the iisay; Ihia cn- 
cruatalion^ becomta blue when tnitebed with the Tedudn^ Rame. 

Occcii t xcs.—an ox idation pr[>diirt of molybdenllci and oftec 
nasncisied witii li En.-omlE, Etc, 

TITNGSTEN MINERAT5. 

Timgsten (W) is no» found native, hut Ls produced in the 
form of a greyish black powder, with 3 specific gravity of 
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^ut 17, The metal U obtained by reduction of its ores 
“r,^’ Iburmit Process mentioned on p, 302. 

minerab are tungstates of Iron, man- 
ores being W/ram, 

SKLld u^h’T- Is usually 

nf irtstone, and for a Jong time the aeparatior 

f’" dilficnity. Tt is 

ejected fay d«ErtjiiiagiictJc separation. Scheelitfr ]s le&ft 

pSormed^b'^'*^ f^stone and the separation in this case U 
bonato htr JCrushed ore with sodium car- 
the dn jr« operation sodium tungstate is formed, and 
Z removed. In the case of several tin 

mi^g companies, the presence of wolfram enables profits 

'■ ntinerals" wpEjd be 

ZoT Ha iZ concentrates, varying between 60 per 

^ lu ‘“Bgsl'c acid, WO„ aod are pur- 

□er^nr content. Seventy 

Toier tLn m" ^’^^tptionally good quality, and grade's 

The world production of tungsten ores, cstiinated for the 
calcuiatjon at an average of 00 per cent WO 
reached the figure of 32.000 tons In l&le.^ut in n^mai 
ye ^5 averages about 15,000 tons. China and Burma are the 

^ States, Malaya, Bolivia, 

in the ftm oTLrlZ?s“n ^'oSTnSSrk 

^«ace IS for tool steels, Other 'im^rtantus^ ie foTSe 

SSJhc T ™anufact!.« of 

and for firearnofi salte are used as mordants, 

and for fireproofing purpo.ses. Tungsten carbide is em- 

pl^ed in the manufacture of cutting-tools. 

I tungsten are knot™, WO and WO ■ the 

la er ^ tungstic acid, and from it ate fonn'ed var^S ^ts 
raled tungstates, *veral of which occur as minerals, as Z 
IvS i^Tteehiv already mentioned. lung^iic acid 

WO,, occurs as (he wmeraf frmgffpfa or Utngstic oc/ire, ami 
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k farmed as an alteration product of tie mincraJ tung:slates. 
Ihe mineral tnogstates occur for the most part a^ primary 
nilocrals associated with tinstone and in close connection 
with acid iiffiecins rocks; the calcium Eiing^statep scheelite, is 
found iii pyrometasomatic deposits at the contact of granitic 
rocks and limestones. 

Tests. — T he tests for tungsten arc as follow:—^Tuogsten 
salts colour the microcoamic salt head blue in the reducing 
flame^ Tungsten minerals^ fused with sodium carbonate^ 
and then dis&olv'ed In hydrochloric acid, give^ on the addi* 
tion of a small piece of tin or nne, a blue solution when 
heated. 

The tungsten minerals considered here are 
Oxide „ ... Tungstite^ Tungstic Ochrcp WOj. 

Ttmgstaies ... Wolfraitip (Fe.MnlWO^, 

Hubnerite, hlnWO^. 
rerberite, FeWO^- 
Scheelite, CaWO^, 

Tung^tRer Tungstic Ckhre. 

CottT. — Tungilic axide, WOj:^ some n^BterinT shon^ ihe cettnpooitioii 
WOa.H^O. ^ 

CnAHACTiTRS AND OcctTuiESiejE ,—A pulTEnilent SLud Earttiir miHcraip 
of * yeDoir GT yicllfrwi3.b~gT«n colaur^ restilting "frota the 

^btrmtien of ores of tum^En j heated before the blowpipe siine, it I* 
hkiuiaible, bill becoinE:^ black in tbe inner flame: micTOcoHcnk mIi 

[jaatl [% m tbe QxidiAini? Same eoloiirksf dr TclloWp md be«i!ii« in 
thfi reducing *!amc tiafct when cgld: tUQgEtir Dcb« Ts sctnbk in 
ailialkiiB enlm ion-3, but oat id acids^ 

WOLFRAMp WOLFR.4JrtITE. 

Comp. — T ungstate of iroo and mangauesct tFc,Mn)WO^; 
the of iron to manganese varying^--one end'Hicmbt^r 

bring Ferberi^e, Fe%¥0^ and the other Hubnerite, MnWO^ 

CavsT. SvsT.—Monnclinic. Cow. Forji*.^ — P rismatic crys* 
lals, commonly tabular^ also massive and hladedi the latter 
being very characteristic. Cleav.^ — P erfect puraUeJ to the 
clinoplnacoid. COLOUR. —Chocolate-hrownp dark greyish- 
blackp reddish-brown* Str^ic,—C hocolate^brown. Lustre, 
—SubmetalIk, brilliant shining on cleavage-snrfacesp dull on 
other surfaces and on fractures; suhtransparent to opaque. 
FnACT.^Uneven* H. —b-S’S. 5 p* Gb.— 7“i-7'9. 
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Test St, — Fysibkj microcosmic bead rEddisli, borax bcflid 
grtcn^ sodium carbonate bead m ox id i sing flame greeny 
heated with sodium carbonate and carboHn the fused mas* 
treated with hydrochloric acid and powdered tin, g'ives a 
blue solution ; heated tirlth sodium carbonate yields a mag* 
neiic mafis^ wolfram is characterised by its high specific 
gravity^ streak, cleavage, and the two Usstres* 

Allieo Species.— Muhnents, MnWO^, usually contains 
some iro-n^ like wolfram m appearance: Ferherife is the Iron 
tungstate^ FeWO,, with up to 20 per cent, of manganese 
tungstate; iron tungstate^ is probably a pseudo 

morph after soheclite. 

Occur REMCE.—Wolfram occurs in pDeumatolytic vein* 
surrounding granite masses, associated with tinstone and 
quartz, as in Cornwall (*31+ Austell), Zinnwald^ ^faJ□y, 
Bolivia, etc.: also in verns formed at Inwei temperatures^ 
and In certain gold-bearing quart^c-vcins: the disintegration 
of these tin-wolfram veins results in the format ion of alluvial 
or placer tin and wolfram deposits, which are worked at 
many localities^ as in Lower Burma, 

SCHEELITE. 

Coup+ — CakiQm tungstnte^ CaWD|. 

Chvst- Svst. —^Tetragonal. CoM+ Form* — Crj'stals are 
tetragonal pyramids,, variously modified by other and le:^s 
symmetrical pyramidal faces; usually occurs rcniform, with 
a columnar structure: also massive and granular. Cleav, — “ 
rSood parallel to the pyramid, ( 111 )* Colour.— Yellowish- 
white or brownish, sometimes almost orange-yellow^ 
Streak.—W hite. Lustre. — Vitreous, inclined to adaman- 
Elites transparent to translucent* Fract. — Uneven, brittle. 
H.—4 5-5. Sp. Gr.— 5’9-fi 1. 

Tests —Microcosmic salt bead^ in reducing flame, green 
when hot, blue when cold; the fused mass obtained by heat¬ 
ing on charcoal -^idth sodium carbonate and charcoal, w'hen 
dissolved in hydrochloric acid and tin added, gives s blue 
solution; high specific gravity distinctive, 

OccuHREh'CE,—Occurs under the same conditions as wol¬ 
fram^ that is^ in pneumatolytlc and other veins associated 
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with tinstone?, quartz, topaz, and Other mint^rals of pneu- 
matolytic as ai Calilbcck Fell (Cumberland}^ Corn- 

wall^ ZinnwaJd, Harz, Drag-on Mountains (Arizona), and 
Trumbull (Connecticut); also occurs in pyrometasoniatic de¬ 
posits, at the contacts of acid tgneous rocks with limestones, 
as in California and else^vhere. 

URANIUM (and RADFUIVI) aiTNERALS- 

Uranium (U) which is not found native, is a hard, white 
jneia], having a specific g^ravitj of IS'Tt nod melting at a 
white heat. Tt is a constituent of a number of rare minerals, 
the mof^t important of which are jutchfrlende and carnotitef 
together wnth and various hydrous dc- 

Hvativt*!- Metallic uraniuin is prepared by reduction of its 
oitide with carbon in ihe electric furnace, but it is commer- 
ciaily of little hnportance. In fact, pitchblende and carnotite 
are practically worked for their content of Radiurn (Ra), 
which is contained in ail uranium minerals. 

Cranium forms two oxides, and from these a complex 
group of uranium salts Is derived. The uses of the oxides 
as such is limited; they are etnployed in glass-staining, for 
glazes, in dyeing and In photography. The metal has been 
employed In the production of certain special steels^ but Is 
not used for this purpose to any great extent, since Steels 
of similar properties can be produced whh less expensive 
components. There was little niarkel for uranium until the 
exploitation of atomic fission in IG-io: the demand for 
radium is on the increase^ and the ininerals Are valued ac¬ 
cording Co their percentage of UgO^, w^hich always carries 
a certain proportion of radium. 

Radium (Ra) results from the disintegration of uraniunn 
and uranium minerals contnin 320 milligrammus of radium 
per ton of uranium^ The chief sources of radium are pitch¬ 
blende, carnotite, and various decomposltion-products of 
pitcbblende. Radium is used in the treatment of cancer, in 
certain X-ray apparatus^ and for luminous paint. The chief 
producers are Belgian Congo, Canada, Ciccho-Slovafeia, 
Portugal and tlie United States* w^Ith sporadic minor pro¬ 
duct ions by Cornwall, Madagascar^ Russia and South 
Austraba. 
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Tests.—I n Uie microcoscnic bcadr uranium compoundB 
a light moss-^reen colour, both hot and coldi in tht 
oxidising dame. 

The chief urumuEn mioerala are the Following:— 

[/rnriy/ Uranat^ Pitchblende, Uranlnite, 

UOj. 

J^ydraus Fhosplmies Torberniie, Copper UranitCt 

Autunite^ TJme Uranile, 


Ca(rOJ,Pp,,SM,0, 
ffydrouj Vanadate ... Camotitet 

SH,0. 

Hydrated Saiphates ZippElte^ Craconite and others 

of uncertain composition. 


pitchblende;, ltbantnitil 

CoMf.—Very variable; may be considered as a uranate of 
uranylp EOOj.UOjj, together with thorium, zirconium, lead. 
etCr and various amounts of helium, argon, oltrogeo, etc.; 
specific names, hroggerit^, etc., have been given 

to pitchblendes of various compositions. 

CaysT- SVST.—Cubic. CoN- Form.— Comniottly occurs 
massive, botryoidaJ ot in grains; manv examples of pitch¬ 
blende are coUofortu Colour.— Veivet-black, greyish 

or brownish. Sthbyik.—B lack, often with a browmlsh or 
greenish tinge. Lustre.— Submetall Jc, greasy, piteh-like 
and dull; opaque. H.— 5^5. Sp. Gr.—6 4, massive, to 07, 
crysiiallised. 

Tests.—H eated before the blowpipe alone, infusible; 
h^ced with sodium carbonate, it is uot reduced, but usually 
gwes an enctustadon uf lead oxide, and an arsenical tidour 
may be pr^^lueed; with borax or microcosmic salt^ it gives 
in the oxidismg fiamn a yellow, and In the reducing flame a 
grCcn bead of uranium; dissolves slowly in nitric acid wben 
p^^wdcrcd. 

OccurRENCE.—P itchblende occurs as a primary con¬ 
stituent of igneous ri>-ks, granites and pegmatites, or in 
high leinperalurTe veins associated with tin, txjpper and lend 
coineriik, as at Joachimstal (Jachymov) in Cscecho-Siovakia, 
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Johanni^cor^Mstadt in Saitony* ki Cornwall, at the Great 
Bear Lake ia Canada^ and in k^Un^a, Bel^an Coo^o- 
Uses. — P itchblende, and hydroLis materials derived from 
itj arc the chief sources of radium. 

TDRBERNTTE^ Copper Unmite. 

CoMP.^^Hydrated phosphate of copper and uranium, 
Cij(UO,),? 3,0..1^H,0 ; arsenic somethncs rcplaccij a pro¬ 
portion of the phosphorus. 

CftVST. SvsT.—Ortharhnmbic, psendotetrag^onaL CoJa. 
Fokm.^ —S quare thin tabular crystals, often modllied on the 
edges? also scaly and foUaceous. Cleav.— Perfect parallel 
to the basal plnacoid, giving extremely thin iamellfie, and Ln 
this respect resembling m\c^^ whence the narne uran-^ica, 
by which the mineral is sometimes known; the laminie are 
brittle and not flexible, ao differing from those of mica; 
Si:ctile. Colour.— ffmeratd or grass-greefi. Streak.— 
Rather paler than the colour^ Lustre,^— Subadamantioe, 
pearly on cieavage-planes; transparent to snbtranslucent. 
H.— 5-2 5. Sp. Ur.— 3-5. 

Tests. — H eated in closed mbcj yields water; solijiile in 
nitric add? heated alonc^ fuses to a blackt&h mass, and 
colours the flame green; microcosmlc salt bead green^ due 
10 copper. 

OccuRJiEscE-—Occurs with other uranium minerals as a 
secondary product, as at Joachimsthal, Schoeeberg (Saxony), 
Cornw‘alh South Australia^ etc- 

AUTUNITE^ Lime Uraalte. 

Coaip.—Hydrated phosphate of calcium and uranium, 
Ca(U0,)3P,0,.«Hp. 

CpysT* SvsT. — Orthorhombic. Com. Fohm. —Crystals re¬ 
semble those of torbemite* described above, the crystals 
being nearly square; also foliacenus and micaceous. Cleav. 
—Perfect parallel to the basaj pinacoid,—thin brittle fami ns 

resulting. Colour. — Citron to sulphur-yelJow^ Stheak. _ 

Velio wish. Lustre.—S ubadamantine, on cleavage-faces 
pearly. H.^-2'5. Sp. Gr.— 31. 
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Te^sts.—G ivts no reactiDns for copper^ otherwise iti 
behaviour with reagents, resembles that of torhomile as de¬ 
scribed ahovt* 

OccijRREN'ce* — With tofbemite as a secondary product 
from other uranium minerals. 

CAENOTITE. 

Comp,—V anadate of uranium and potassium, approiti’ 
mateiy 

Crvbt. Svst. — ^O rthorhombk. COAt. Form.—P owdery^ or 
mrnute crystal plates. Clfav. — P aralk-l to the basa] pina- 
coi d. Co LOU R .—Canary-yellow. 

OcctJfcRENCE. —A-s an impregnation or as lenses in Jurassic 
sandsione in Colorado and Utah, where it was mined for 
radium; also reported from pitchblende deposits In South 
Australia, and elscw'here. 

Zip[>eitei Uncocute. 

Covr.— Hydriitcd ^IphaLee of uraniiJiii, tiBE:;eri:iia co^poaihollr 

Chaiactt^s A.Hn OccnmizjfeE.—Mastlj occur u earthy or powdery 
cruets to other uranioid miaerdls, bb h JoachiruathaJ, itt Comwetlt 
etc.; aradattiie is of a IcBioo-ycUow or orjuige coIjou r i con- 

aometiiDea over 5- per cent, of copper oiiden^— it ooeure in tieh- 
cftte BcicuJar crystals, rosetlcs and warty cruiig, omd scconipaniM 
uriconite; healeii before ihc blniA-pipe, in.ppeite gives wtUi mjE^tDCaS- 
mic aalt in the OitidiaiDg Einir a yolmwl^-green, and in ibe rcdui^mg 
Eamc an amerBld-g reen bead. 


SULPHUR ftUNERALS. 

Sulphur (S) occurs both native and in comhlnation. Sulphur 
is capable of assuming three distinct fonns,—{If ortho¬ 
rhombic crystals, native and artlScial; (2) monoclinic 

crystals, artiBcraJ, and (3) amorphousj urtiBciaL Both the 
naturally and artiBciaJly formed crystals dissolve easily in 
carbon bisulphide, but the amorphous form does not+ Sul¬ 
phur is insoluble in water and alcohol. 

Native sulphur and metallic Sulphides, mainly iron 
pyrites, h'uS^, form practically the sole M>i 3 n:e of the sul¬ 
phuric acid of commerce^ and may be regarded as the iiiosi 
important minerals in connection with chemica-l irvdustryp 

Salive sulphur Ls purified from the associated gangue by 
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mcjting in ovens, etc., or by in cin^ted vessclsj with 

the product[on of cast-stjek sLilphLir, or of flowers of sulphur 
condensed iii flues. Tlie world production of sulphur in 
normal j^ears amounts to between two and three million 
tons, the most imporLant producers being United Statesp 
Japan, ChiJt and Spain. The mode of occurrence and 
origin of sulphur deposits and the uses of sulphur are dis¬ 
cussed under the description of rhat mineral on p- 4Ti. In 
America, sulphur, over 09 per cent, pure^ is obtained in 
great quantity (Texas alone producing over a million tons 
annually) from dt!ep>-seated duposEts in the Gulf States j the 
sulphur is extracted by the Frasch process, in which a 
double tube is driven dow'u to the sulphur beds, and super¬ 
heated steam or hot air is forced down with the result that 
the sulphur melts and is forced up the inner tube and run 
info vats. 

For the manufacture of sulphuric addj iron pyrites, FeSj, 
which theoretically contaius 53 46 per cent, of sulphur and 
which Is commonly sold on a guarantee of 45 to 5D per cent*, 
is more used than any other mineral witJi the exception of sul¬ 
phur itself. The oxide of iron which is formed during the 
roasJing of pyrites is saleable for its Iron comem; aud If 
the mineral contains copper, gold or ailverj even in small 
ciuantities, it i$ paid for at a higher rate* The production of 
pyrites amounts to betwreen six and eight inilhon tous an¬ 
nually; for details of this productioEi see p. 493. 

The value of sulphides when smelting oxidised ores is 
well knowm, and the calorific value of burning sulphur is 
utilised in pyritic smelting. Enormou^s quaiititk-s of sulphur 
iltoxide are lost in furnace gaseSj but many large smelters 
now recover it as sulphuric acid. The comiDon association 
of arsenic with sulphur in mineral sulphides, and especlally 
In pyritesii necessitates special care Ln the manufacture of 
sulphuric add i hut native sulphur, although seldom contain¬ 
ing arsenic, is more liable to be contaminated with selenium, 
w^hich is also objccdonabte. 

Sulphiu forms w'ith hydrogen an add^ sulphuretted hydro- 
gen, I-I 3 S* Thts gas, temg rtadilj absorbed in ivater^ is 
^oufld in certain mineral springs, as at Harrogate, England. 
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By the repkc^^nient of th* hydrog-t>n of sulphurciEed hydro- 
g-tin by a metal a salphidf 1$ formed; oiinerat sulphides are 
abundant and exceedingly important inmerals. Examples 
of common minerai sulphides are>—galena^ PbS,i bSeode. 
ZnS, cUifiaharT HgS, pyrite or iron pyrites, FeS^_ Thei^e 
and other sulphides are described at the appropriate pag^es 
under the metallic eSennent contained in them. 

With oxygen and hydrogen, sulphur forms many com¬ 
pounds, only one of which is ttnportant as an acid in 
mineralogy; this is sulphuric add, Suiphat^s are 

Eormed by the substitution of a meral lor the hydrcgefi ol 
this acid, and form a very important group of minerals; 
examples gf mineral sulphates are^ — gypsum, CaSO^.Zli^O, 
anglesite, PbSO*, barytes, BaSO^. The mineral sulphates 
are described under the headings of their metaJJie con¬ 
stituents. 

Tests.—S ulphur may he recognised when present in a 
mineral hy the silver coin test; the powdered mineral is first 
fused with sodium carbonate on charcoal, — ^thc fused mass 
placed on a silver coin and moistened produces a black staJn^ 
Sulphides give, on roasting In the open tube or on charcoal^ 
a sharp pungent odour of sulphur dioxide^ SO^. Sulphates 
give a dense white precipitate of barium sulpliate on the 
addition of barium chloride to the solution; also after reduc¬ 
tion by heating to the sulphide they give the silver coin test 
as above. 

NATIVE SULPfrUIL 

CoMK—^Pure sulphur^ S, hut often contaminated with 
other substances such as day, bitumen, etc. 

Crvst. Syst, — Orthorhombic. Com. Fohu. — C ry&tab 
bounded hy acute pyramids ^ also massive and in encrusta- 
tlonsr Cleave — Imperfect parallel tn the prism (110), and 
to tile pyramid (UJ). Cdlouh.— ^Sulphur^yellow, often with 
a reddish or greenish tinge. Bireak.—S ulphur-ytUow'^ 
Lustre, — Resinous; trajisparent to subtranslucentp H.— 
1-5-3 3. Sp. Gft.—3^}r7. 

Tests + — Sulphur may be recogoijied by its burning with a 
blue flaniet ilurjng which suffocating fninei^ of siLilpliur 
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dioJtidc arc formed; AulpEiur ii SnsoJublc in ^-atcr, not s^cttd 
upon by acids but is dissofvcd by carbon disulphide; its 
colour and low specific ^ra%'ity are di5tjnctivc+ 

Varieties.—C rude and impure forms of sulphur are puri¬ 
fied by heating, the pure material being collected on cool 
surfaces. This fine sulphur is usually melted and cast into 
sticks, and Is then known as brimstone or roll stilpbur. 

OccuRREscE—Sulpfsur is found in the craters and crevices 
of extinct volcaupes, and has been deposited by gases of 
volcanic origin, as in Japan, where it is niined from au old 
crater lake. Another naode of origin is by the action of hot 
springsj by which ibc sulphur is depoaited with tufa, etc.p 
as in Wyoming^ CallfoniEa, and Utah. The most important 
occtinrences of sulphtiTp from the commercial standpoint, are 
those in whidj the element is bedded or layered with gyp¬ 
sum, and in this case a common association of minerals is 
sulphur, gypsum, aragonite, celestine, and often petroleum. 
Such occurrences arc located on salt domes in the Gulf 
5tate.s [sec p. 217). Examples of such sulphur deposits are 
provided by the famous Sicily and Texas and Louisiana 
deposits. Opinion Is divided as to whether these bedded 
deposits have been formed by true sedimentation, or by the 
alteration by various processes of gypsum (see p. 267)- 
UsES.—Sulphur Is used for the manufacture of sulphuric 
acld^ in making matches, gunpowder, firevrorks, and Insec¬ 
ticides, for vulcanising india-rubber, and in bleaching pro¬ 
cesses i nvoivLog the use of sulphur dioxide. 

SELENTOTH MINERALS. 

Selenium [Se) belongs to the same group as sulphur and 
tellurium. It occurs in native sulphur and in all pyritic oresy 
though often in negligible traces. Its mineral compounds 
are salts of the acid flj.Sc, which is analogous with sul¬ 
phuretted hydrogen H^S; Ehu$, cluujfholife is lead sdenide, 
PbSe^ copper seicnide, Cu.Se, fieirLUirnff^, mer¬ 

cury selenlde^ HgScT and nnumn-HfuTd silver selenide, Ag,Si;. 
The prmctpal sources of selenium are the deposits in sul¬ 
phuric acid chambers and the anode mud or sltme obtained 
in the electrolytic refiining of copper and matte. Its Indus- 

SI 
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trial u5C5i art few, but ihert ]& a steadv demand! for what li 
procluctd, and there arc pruspects of a considerable quan- 
liTy being retjuircd with iJie development of television, anef 
of photoek'Clric apparatus^ It is aiso employed in the pno^ 
ilnction of red enamels and glazes, in rubber-manu- 

facture, and in dye-making; its employment in the produc¬ 
tion of special steels is considered a possibility. 

Tests. —The chief test for seleniuni compounds depends 
on the product ion w hen they are heated on charcoal before 
the blou:pjpc of a curious smell described as that of decaying 
horse-radish, — a smell that can be readily recognised when 
once it has been encountered. 

Selenium-bearing varieties of sulphur and tellurium are 
called aelensulphur and selentelluriyin rc^rpcttively- I he 
descripiioE^ ol the 5eieaides niifntlont.'d above is outside the 
scope of thts book. 

TELLURIUM MINERALS* 

rdlurium ^Te) is found in small quantities free in nature 
in f^ulpliur and pyrites- It Is mostly foundp however, com* 
bined with me i a Is as (eUund^s, such metals being bismuth, 
leatl, and, most important, gold and silver. 

Tellurium rs found with selenium In the anode ^llme from 
electrolytic copper refineries. %Vhen pure, lelluriurn has a 
greyi&h-white colour and a metallic lustre. It has a specific 
gravity of 6 3, and mdts at 450*C.p and boils at i,400“C* 
Its IrLdustriaJ applJcations are few, probably only a few 
thousand pounds of the metaJ being emplnycd annually. It 
is mtd in rubher-compuundiiig, in certain processes of elec¬ 
tro-deposition on magnesium, and in the purification of zinc 
solutions in electrolytic plants. 

The chief tdlurium minerals are the tiaiive meial, the 
oxide and the ieflundcj- ’Flie gold lellurides 

are important ores of gold, and arc described with that metal 
on pp^ 253-'255; a silver telluride, hesslte, is described wilh 
the silver minerals on p. 247; here is tx^nsldered ±e bismuth 
tElJuriLlc, rudymiie, Sij(Te,Sj^. The tellurium minerals 
considered in this book are therefore:— 


THE HESCRIFTIOK QF MINERALS 


47J 


Elfmtni 

Oxide 

Tellurides 


Native TelluriLim^ Te. 

TcKluntc, TeO^, 

TetfniiynrikcT bismuth tclluride. 


Hessitfij silver tdlunde {see p. 247j« 

SyivanJtc, gold and silver telluridc 
(see p. 254). 

Calavcrite^ gold and silver telluride 
fsee p. 205 )* 

Petiritti gold and silver telluride 
(see p. 255). 

Sutpho-teilurtdff.,^ Nagyagiie^ gold and lead sulpha- 
telliiride (see p. 

The gold-bearing tellurLdes are extremely imponbmt goki 
ores; they occur In veins and replacement deposits. In the 
upper parts of the veins, the tellur Ides are decomposed, 
some teJlLir'Lum oxide is formed but most is removed in 
soluiion. 


Test.- —The best test for tellurium la to heat the com¬ 
pound in the closed tube with strong sulphuric acid^ which 
then assumi.'s a brilliant reddish-violet colour. 


Native Teliurititn, 

Comp.—K taily pure leJIuriLun, Te, with a liiile gold and Iran. 

CavsT. Svsf,—He^iAgonal, rhoiiabQlwdriL Cou. Foe H.—Crjpstil^ 
uses Jn facia^QELa] prisrtis, wiUs the bMAl edges modt&ed; jposat 
fnund inusjvc and grAQUlAr. CoLMJft.—Ti fl-whi te. Stieak.— 1 in^ 
white. LusriE.—itetaHic^ brittle. H—3-2-5. Sk Cb,—C l-tt-a. 

TtsTff, Heated in the ifpen lahc, it forms a white suhlitnate of 
mUuroqs eciid., mhich iuses lo smali transjjfircnl rolaurJesa drotnii be- 
tuiE the hlO'Wpipc; healed with strong anlphuric atid^ gives H rtiddiali. 
violet gotution. 

OccUBicEsgiE,—In the JWnria Lnretln Mlm*, utar 2^BlilX]J^ Ttan- 
stivania, where it was formerly worked for Llle anvali quantity af gold 
(ksa than d per cent.) thus it contained; alM- repeirted fram VVestem 
Australm, and Colnradn. 

Tellurite. 

CoJir.— relluriiiiiu dicucido^ TcOj. 

Cbaucteu^ Asn OccoBmEWca.—Ooenr* in snuJI whitish and 
krwbh orlhorhmnhic prisms, spherical masst^a and emCnistetiaiLfi re- 
SnJuag irdiB the onidaLicm of tdlurium or ledurldca in tbe upper 
parts of vniiis; recorifed from Rumania, Colaradp, etc. 


TETRADYMITE. TeHuric Bismuth. 

Comp.—B ismuth telluridc; sulphur und setsniuEu some- 
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times present, flnd the gieneral composition may be 

Crvst. Svst,—H eaiagcmal^ rhombohciiriil. Com. Foum, 
— Crystals often tabular; also found massive granuJar arid 
iDliaceoiis. Cleav* — Perfect basal; lam in (c fltitihle, 
CoLOUK. — Pale steel-grey. Lustre.—M etaUiCp splendent. 
H, —1^5-2: marks paper. Sp. Gr^— 7’2-7'Br 

Tests.—H eated to the open tubei give a while syblimate 
of tcUuroiis acid; heated on charcoak gives off white fuTOeSp 
and a coaling of tehurous acid and orange bismuth oxide, 
evenUially fusing and volatilising completely. 

Occurrence. — Associated with gold telluridcs fsee 

MANGANESE mNERALS. 

Manganese (Mu) doe^ not occur in an yncombined state 
in nature, but may, like chromium, be produced in the 
trie furnace and by the Thermit prcjcess (see under Alu- 
tninlum on p, 302}- It is a light, pinky-grey metal, melting 
at shout L2G0"C., and having a spetiic gravity of about 
T-4. 

Illc chief application of rnanganeae is ift the itjanufacture 
of alloys, such as splegt^l-elseu and ferro-maugancsej 
tainlng from 15 to BO pNcr cent- of manganese, and silico- 
niauganese, coutaiiiing from 10 to per ceitt> slUcon, a I 
□f w'hich are of great importance in the steel industry. 

The chief sources of manganese and its salts are the 
oxide minerals. Pyroliisite, MnO^^ is also used, as such* 
for a number of purposes such as the decolorisation of glassr 
as a dryer in the manufECturc of paint and vamish, and in 
dry batteries, and very largely for the manufacture of 
chlorine, bromine and oxygen^ and of perminganaies and 
other manganese compounds. The pcrmangariates of 
sodium and potassium arc used as disinfectants. 

For chemical uses, a high percentage of manganese Ju 
the form of peroxide is dt^mnded^ SO per cent. MnOg being 
taken as the basis price; lime ?ihQuld be preseriT only m 
quanlitic!^ of than 2 per cent. Fot metDllurglcal pur- 
pofles 50 per cent. MnO^ Is a common ba$is. Ores of iron 
containing manganese are smelted direct for the production 
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of manganese pig-iron^ hut such ores should he regarded as 
iron oreSt and the manganese would not be paid for except 
at the same rate as iron. 

The world production of manganese ore normally exceeds 
3^000,000 tons anntiaCy. The chief producers arc Rnssia, 
Indiap Gold Coast and Brad'll, with considerable outputs from 
Egj^ptp South Africa and United Stales- 

Manganese is very tvidely distributed^ and repEaces to a 
greater or leaser degree two sets of elements { first, the aJka- 
line earths^ caklum^ barium and magnesium, and second, 
aluminium and iron. Purely manganese mmerals of the 
greatest importance are the oxides, otlters of less import¬ 
ance are the carbonate, silicate and sulphide. The man- 
ganese minerals dealt with here are:— 


Oxides 


Crtr&&niite 
Sulphide ... 


Hausmannite, 

Braun ite, 

Manganite^ l^InOjOHj* 

Pyrolusite, MnO^* 

Polianite, M 11 O 3 . 

Psilomelanc, a hydrated oxide with 
Ba and K. 

Wad^ iilte psilomelane- 
Asbolane, cobaltiferous wad. 
PranklinHen (Fe.Zn,Mn 1 (FeT,Mn)aO^, 
described with the minerals 

on p. mi. 

Dialog!te, Rhodochrosite# MnCO*, 
Rhodonite ^ MnSiOg. 

AlabanditCj MnS* 


In addition lo those specificaJly manganese minerals^ the 
element enters into many silicates, of whicli the manganese 
gariiett spessartite, is described on p. . 

Manganese minerals occur in varied ways. Dialogite and 
rhodonite occur as veinstones in some silver lodes^ the 
gossans of which carry^ the oxide minerals such as pyrolusite 
and psilornelanc. Dialogite also occurs as a metasomatk 
rcpEacernent of limestone. The most important and interest¬ 
ing deposits of manganese, however^ arc those of the oxides of 
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sedimentary or re!ticlua] oriptn now described, ^rhese oxides, 
—pyrolufiite* psilomdane, pollan ile^ wad, bra uni re* and man- 
ganite ,—-occeit in two main types of deposit. Tn the sedimen¬ 
tary deposits, the mang-anese has been precipitated in beds nr 
layers of nndulea together with iron compounds with which 
it is invarfably assoclatnlp—a process at the present time 
being carried on in the deep sea* By the up-raising of these 
deep-sea deposits are formed many of the bodies of work¬ 
able manganese. Another of this type of manganese de¬ 
posits is formed by precipitation of manganese oxides in 
lakes, etc,* by the action of minute plants, giving ri&e to the 
bog-m^ngancse deposits, as in Sweden, Spain and the 
United States^ 

The second type of manganese deposit is formed by the 
aTtefation of rocks containing manganese-bearing minerals, 
chiefly silicates. By the weathering of such rocks, the mim- 
gantse oxides aggregaie together ais noduks Hnd layers in 
the residual rlay which forms on the outcrop of the 
weathered rock. Thus is formed a residua! or latentic de¬ 
posit of the type worked in India, Brazil, Gold Coast and 
.Arkansas. It will he seen that all deposits of manganese 
oxides have been forme*! by the farcaking-up of the rnan- 
ganese-hcadng minerals of Igneous and mctamorphtc rocks. 

By the metarnorphlsm of sedimentary or residual man¬ 
ganese deposits there arc formed workable -rlvposits of 
hausmannite, braunlte and franklinite* as; in Sweden, Pied* 
mont, and at Franklin Furnace^ tT,S,A- (see p. 

Tests.— Manganese minerals give distinctive bead reac¬ 
tions. The borax and mierocosmic-salt beads are reddlsh- 
vto!et In the osrldising hame, and colourlefifi in the reducing 
flame. The sodium carbonate bead is bluish-green in the 
oxldiBing flame* 

flpuHmannite. 

CnWP,—Mflnpati^ oxid*, Mc^O^ s mangaiiEsc, 72 p<rr edit. 

CfcvSTr &VVT,—Tctrmi'flahL Com. Foiu.—CdnunonTy occurs in 
pyramidaT forma* freqti&mly Iwinoed : h ] sk > and gronular. 

CoLQUt.—S thcax,—CJ i«Tniit-brown. LL-VTaE.— 
Suhnifllaliie J npaqua. H.—&- 5 ' 5 r Sf. Gx.— i ‘BtS. 

Tests.—E jives usual manfiane^ remziipnsi with Ihe fluxes^ 
□hloricQ whcD dissulTsd in hydrocblDiic aHd; uul 

cm being beared. 
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Ocn'l^iTVCC, — primaTT mifipaneafl nuncral occdfrtfl^ IB veipa 
rannecicd wiih acsd igaeoua rcjcks. 

BR^ UNITE. 

Comp.—M ang:ancsc o*ide, Mn^O^; rnartganesc, 64-3 per 
cesit*; bf^tinitc usually contains about 10 per cent- silica, 
so that the mmcral is somctinies ccmsiilered to be a TTsan* 
ganesc ruan^anate and silicate^ such as 3MnMnOj,MnSiOj- 

Chvst. Svirr.—Tetragonal. Com. Form.—C fy!itai!i of 
octahedral habit ; also occurs massiTc. Colour. — B rownish- 
black- StREAK. — Brownish-black- LusTHt.— Subnietallk ; 
opaque. Fract. — U neven; brittle. H.— 6-b-5. Sf. Gr.— 
47iM82. 

Tests. — G ive a the usual manganese reactions with the 
fluxes {see p. 476) ; gelatinises when boiled with hydrochloric 
acid; does not yield oxygen when heated in the dosed tube. 

Occur HENCE- — Usually of residual or secondary origin, 
but may occur as a primary mineral in veiFs- 

MANGANTTE. 

CoMP-—Hydrous manganese oxide, MuOfOH); man* 
ganese, ftS’o per cent. 

Chvst. Svst. — O rthorhombic. Com. Form.—P rismatic 
crystals often grouped in bundles and striated longitudinally ; 
also colgmnaj'. Colour. —^ I ron-black or dark steel-grty. 
Streak. — Reddish-brown or nearly black. Lusts e.— Sub- 
rnctallic; opaque. Fract*—U neven^ H-—4- Sp- Gr. — 
42-44. 

TExST^s,—H eated in the closed tube, gives water; gives the 
usual manganese reactions with the fluxes (see p. 4Tfl)i. 

OccLiRREXCEi — In veins* and associated with the other 
manganese oxides (see p- 47fi). 

PTROLUSITE. 

Comp. — M anganese dioxide^ MiiQ^; manganese, ^ per 
cent- 

Cryst* SysTh — M ay be orthorhombic, but usually pseudo- 
morplious. Com- Form.—O ccurs in pseudoraorphi after 
manganite+ polianilc, etc.; usually occurs maS-sive or reni- 
form, and sometimes wilh a fibrous and radiate structure, 
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Colour.—I ron-grey or dask. steel-grey» Str£AK.^—B lack 
or btuEsb-blaok, sometlfnes sub-meiallic. Lustre.—M ctaJlIe ; 
opaque. Fract.—R ather bfiltk. H.—2-2-5* often soils the 
fingers, S?, Gr.— 

Tests. Borage bead,—amethyst in oxidising flanie, 
cotourfess in reducing name; raicrocosmlc-fiall: bead,—red- 
violet in o^idiaicig flame; sodium carbonate bead^—op-aqne 
hioe-green; yields oxygen when hrated in the cloEied tube; 
soluble in hydrochloric acid with evolution of chlorine, 
Occurrekce, In secondary manganese deposits, as de¬ 
scribed on p, 476. 

—An abundant manganese ore^ 

PqUviite. 

Guifp.^M&pgAnese dioxide, JkInO,. 

CftvsT. Svhx,—T etragonal 

CttAXAcros OccTrxiESCt.^A nnn^ra] Mks pyrolQsit& in *P‘ 
peaxancE and '^loilr, someE Lniea ahovrine miniite tptry.ji>n^1 CfVftladSi 

amorphous intA tiurtnuej lurdoew, d^.5. a distinction from pyro. 
liMite, 4 Dil Bpecific giBTtty, 6; dqcuitbiicti as foi other oxides of man. 
RAftBSC*, 

PSELOMEI^NE. 


Cqajp, Hydrated os^ide of manganese, witJi or without 
varying amounts of barium and potassium oxides. 

Crystb Syst.—^ hfonc. Com. Form.—A mor- 
photis, massive, botryoidal, retiiform aind 
sEalactJtic (sec Fig. m]. Colour.—I ron- 
black, passing Into dark stccl-grey. Stkeaic. 
~Bro%vnish-bIack and shining,. LtrsTRE,— 
Submei^allicT looks as if an attempt had been 
made to polish the mineral ^ opaque. H,— 
5-6. Sp, Gh.—3-T-4-7, 

Tests.— -Healed in the closed tube gives 
water; v,Tth borax and micmmamlf" saJt, 
givto the usual ameibyst-colon red bead; 
sodium carbonate bi:ad, ■— opaque blulsb- 
green; soluble in hydrochloric acid* with evolution of 
chlonnc, the solution often giving a precipiEate of barium 
sulphate on tlie addition of barium chloride. 

OccoRHEKtE.—in secondary manganese dtposits, as de¬ 
scribed on p, 476; it is protsbiy a oollcildal precipitate. 

UsE.^VVltb pyrolusite, the important or^ of manganese. 
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CcyilF.—'Vety Tariablc^ but MSEiuhting ihal Gf iwilainclttnc. 

Cou. FDiit.^Axnarpbaua* earthrenifoTEQ, ftTbOR^enlp tmcjnhU 
Ingp or it^Jcs and dendrites ; afteji Sooselj a^greg&led. COLDETA.^— 
Dull hlBck, bluidhi lead-grcj^ browniah-tiLaEJf, LirnraK,—DuU; 
fip^Ljue. H,—5-6; uiLUlly quite salL St. Gli.^3-4‘2a. 

Tests.—G ives the u^uml toangMean reaEtions with tbe Suia ■ 
water in the i Jrwed lube. 

Vaejeties,— £:iir£^y CrT Atb^fan IS A varieLv trf wad OGtitaiti. 

mg SumctimEs as much its 33^ per «nt. uf cobait oxides—and giving a 
blue borax bcad^ due ta cobaJt; La^pAiiie is auatlief variety wbirb 
FjeJda aumeiimos as mucli as IS per cent, of tajpper oxide, 

OccumaEMCl.—Wad results from the doCDdipcf] Laim gf oQinr mjui- 
gan«c biiuenlJ^ and gencraMy occtm iu tbuup, low-lyiag piaiasi. 

—^Xoi Ai valu^k as pyrolusile end pailomelano^ hnt \t some, 
time^ used in the raanufactura of clilarine, and ala® icnrea*fiaf UTTibEr 
paint. 

DIALOGITE* RHODOCHttOSITE. 

Comp. —Manganese carbonate. MnCO,; manganese, 47’8 
per cent.; often with varying quantities of the carbonates oi 

iron, calcium and tna^csium. 

Crvst. Syst.—H exagonal+ rhornbohedral. Com, Form. 
—Cr^^^taSs rare, rhombohedral' usually nia.ssive, g^lobular, 
botryoidaJ or encruitang. Cleav.—P erfect parallel to the 
facets of the rhombobedron^ (.e* id three direcliods. Colquh, 
—Various slmdes of rose-redp yellowish-grey, aod brownish. 
Streak.—W hite. Lustre.—^V itreouSp Inclining to pearly ; 
translucent to subtranslucent. Fract.—U neven; brittle. 
H,^ 5-4-5. Sf. Ge.—3’4&^^. 

Testta.—H eated before the blowpipe^ infuslbkp but the 
mincraJ changes to grey-brown and bJackp and decrepitates 
strtmgly; give* the usual manganese amethystine colour to 
the borax and mlerocosmic-sah beads; dissolves with effer- 
vescence in warm hydrochloric acid; on exposure to the air, 
the red varieties lose colour. 

OecusRE_SCE-—Occurs as a veinstone in lead and silver- 
lead ore veins; also as a meta.<u>iTiatic replacement of lime^ 
stnries+ 

HllODONlTE, Mmnguitae Spar. 

Comp.—M anganese slhcata, MnSiO^; manganese, 4l'S6 
per cent^; some iron, calcium, magnesium, or iinc usuaHv 
present; some carbonate usually present, causing the nshicraJ 
to efferve.scc with acid. 
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CSVST, SvpT.—Triclinlc. Com. Fopm,—T abular crystals t 
diattirtionly massive and cicavabk, Cleav.—P erfeer p;ira1lfl 
to the priism.'t. CouiuR. — ^F1psli-rcdi hrownish-red; 

greenish or yellowish when impure; and often black on ex¬ 
posed surfaces; colour darkens on exposure* often becom¬ 
ing- nearly bbek from additional oxidation of the manganese. 
Streak,—W hite. Lustre,^—V lireoiis : transparent to 
opl^que : usually translucent nr opaque. Fhact.^—U neven ; 
occasionally conchoFdat* very tough when massive. H* — 
b'5-6’5* Sp. Ctr.—3■■ 4-3^0, 

Tests. — H ealed before the blowmipe, blackens and fuses 
to a black g:lass with slight intumescence; in the oxidising 
flame, g'ives the manganese reactions with borax and micrfr 
cosmic salt. 

Varices* — FowltAi^ is a variety'^ containing zinc^ 
Businmti^ contains calcium, and its formula is tKThap^ 
CaMnfSiOj,. ' 

OccurREWCE.—A s a veinstone iu lead and slTvcr-Tead 
veins, as at Broken HiH, hf.S^W,, associated with dialogite 
and quartz. 

UsKS, Rfiodonite, when cut and polished^ is sometiines 
used for ornamentaJ work. It may also be used for impart- 
kng a violet colour to glass. On stoneware, when mixed 
w-rt i e cominon salt glazing-, 1% forms a black or, if spar- 
^tigTv uscf.h □ deep violet-blue glaze. 


Akbandite. 

lulphide, MnS. 

Foill..-Usual]y giftmtlar an 4 
Cpt-tn,-!.—Iran-black. STIEAJI.-Rreeniali 
* Tr.« oiMqut H,—a-54 Sp. Gl—3 

-l.t, hinwpipe, fniihle, amEthi-stino bead fiwbh 

WLii tlie ttmatEd minerai 
nhiiJr. f^^^*^*'”** " pnmarjr mineral Lq veins aaaoclaied nitb an] 
phltles and manganesa spars. 


HALOGEN (Flunrine, Chlorine, Brnmine, Todme} 

minerals. 

The four elemetiL-!. fluorine (F). chlarine (Cl), bmmme 
tUf) and i(ylmp (I), con.stinjtc a M'dl-marE.-i:d jjPQup in the 
Periodic Classificatiofi (see p. 14 ), iud show a number of 
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sJmilarlties anA pro^iJssive vanations in their properties 
All umte rearfitv with the metals to form salts such a^ 
fliiorldes. chlnrides. Etc., many of which are of great Im- 
pofiJince In economic Fnlneraloiffy^ 

Tlie most Important occurrence of fluorine is in salts of 
hydrofluoric acid, HF Mhe most important of these {luarMes 
arc fluor-spar, CsiF, (see p, 570), and cryolite, 3NaF„4lF, 
(sec p. 3iDSJ, both of whinh are of considerable IndustridI fm' 
portance. Fluorine also cruers Into the composition of some 
sflicatei;. such as fopa^ imd amhiygonhe, and the important 
mineral apatlic is caldum Riioridc and phosphate. Fluorine 
Is detected in fluorides by heating with strong sulphuric 
acid, when hydrofluoric acid is Irberated Avhsch etches glass. 

Certain cbfondei, salts of hydrochloric acid, HCl, are 
abundant and important minerals^ notable eKampks de¬ 
scribed in this book being the folfowmgrock-salt^ NaCl; 
syTvine. KC\i camalflle, KCLMgCU6H^O: cerargjrite, 
AgCt; calomel, HgCl; oyy-chbrides occur as minerals, the 
most important example being atacnmlte, CuCL,3Cu(OHj., 
ChToro-phosph ates, chlorq-arfiena tea an cl ch loro-vanadates 
are represented by the minerals of the pyromorphite set, 
Crg, pyromorphite, Pb^CUPO^. Finany, thv soclinm 
chloride molecule enters into the composition of certain sili¬ 
ca Ees, as, for example, ^dalfte and mariallte-scapolite. 
Chlonne is detected by precipitation of silver chloride on the 
addition of silver nitrate solution to a solution of the mineral 
in nitric nefd. ^tnd by the copper oxide-mtcriixosmic salt test 
(see p, 50). The uses of the chlorides are dealt with In their 
deE;cfIpticjn5 under the various metallic elements oontained 
In theiOp 

Bromine is not an abundant mineral constituent. It occurs 
as bromides, salts of hydrobromic acidy HBr, the most 
portant of which are silver bromides, such as bromvrjte, 
AgBcy and emboUte, Agr(CtpBr), menriooed on p. 248. When 
heated xvith potassium bi^ulphale and pyrolusite^ red vapours 
of bromine arc liberated from bromine compounds The 
commercial production nf bromine compounds comes from 
sea-water, salt brines, or from the saline residues described 
on p. 217. Bromiiie is employ erl in medicine, pbotography 
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and for treating petrol; the pro4yction In the United States 
amounts to some TkOOD tons yearly. 

Iodine is rare in nature. The chief source is the Chile 
nitrate deposits (see p. 218)» where cerlflin calcium todates 
occur in smal! amonnt. The possible production exceeds 
the demand. Iodine is also produced from sea-wced and 
kelp; and a possible source is in the brines from oil-wells- 
lodine Is used in medidne. 


IRON MINERALS, 

Iron fFe) Is, next to aliimimnm^ the most widely distri- 
billed and abundant metal, constituting about 4'6 per cent. 
of the eartli's crust. It ]s foimd native in meteoHtic masses 
and in eruptive rocks, mostly associated with allied metals such 
as nickel and cobalt. In addition to the essentially iron 
minerals, iron enter* into the rarniposition of a great niinlt>er 
of rock-formIng: silicates, the most miportant of which are 
mentioned below. Iron and steel form the foundation of 
modern Industry, the following figures speaking for them¬ 
selves,—the output of iron ore in 1029i over E(X),OOOiOOn 
torts, of pTg-iron nearly 100^000,000 tons, of ?iteel, nearly 
120,000.000 tons. 

Metallic iron Is unaffected by dry air, but oxidises to 
** rust under the influence of moist alr^ Cast Iron, wrought 
iron and steel are the chief forms In which iron appears in 
commerce^ Their different properties are primarily due to 
the presence of varying amounts of carbon. Steel is again 
divided into several classes or grades, each named after Its 
particular pnipertie.s fmild, hard, etc.!, the use to which It is 
put (tool-steelt etc.), or the metal with which it Is alloyed 
(manganese, chrome, nickel, or tungsten steel). These 
special steels have been found in practice to be especially 
Liable for different purposes, such as armour plate, guns, 
high-speed cu|tmg-took, rails, springs, e±c+ Nickel ^tect is 
of particular importance, its tensile strength and elasticity 
being eonrmously greater than those of ordinary steeL 

Fig-iron, from which all the various grades of Iron and 
steel are obtained, ss pr4xju['cd in the blast furnace by the 
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reduction of iron ore by coke. The world proiluction of pig-- 
iron ID 1&29 3.pproach^ lOO^CIOU^C^M} tons. 

Tiie chief ores of tron are the oxides and the carbonate ; 
magnetilii, FogOj, cootalning 72 4 per cent, S*ti, hirmatitc, 
Fc,Q^, containing 70 per cent.p itmonkc, 2 Fe 30 ^. 3 HjQ, 
containirig- 59-0 per cent., and the carbonltc, chuly^ 

biu or spiilhi^: iron ore, conTaining 4S’3 per cent. Less im¬ 
portant ores are the suEphidcs^ pynt€, FeS^, and 
FCnSj]^_|i^ and the crMn|>iex oxide, frankiiniic, (Fe,Zn,MnJ- 
{Fe,Mn)gt>^, Finally^ certain imjxsrlant iron urt-s an: com¬ 
posed to some extent of hydrous iron silicates, such a"? 
chamosUe, thuringit^, greetialUii and gfaaconite. Mag¬ 
netite of excepcionaE purity occurs Ln large quantities in 
Sweden^ and ts the source of the noted '"Swedish Iron." 
Undesirable impurities in iron ores are ars^ic, sulphur and 
phosphorus, except in the <asc of the manufacture of basic 
or non-bessemer steels. Iron-ores con taming 30 per cent, Fc 
and upwards are profitably smelted, but tlie value of iron 
ores (in common with most otJier ores^ of course) depends 
on their situaElon^ and also on the composition of their 
gangue in addition to their iron content. For example, an 
iron ore containiiig 30 per cent. Fe, and a ganguc of silica, 
alumina and lime in such proportions to make it self-fluxing, 
may be more valuable than a richer ore containing impuri¬ 
ties which it would be necessary to remove. Most irun ores 
in Europe require some mcchaoical cleaning, and in some 
cases electromagnetic separation is employed. Roasting or 
calcining is also frequently resorted to for the purpose of 
removing water, carbonic acid and sulphur. 

Considerable quantities of the natural oxides and silicates 
are mined and prepared for the market, for use in the 
manufacture of paints^, and as linoleum fillers, etc. For 
example, ordires are hydrated ferric oxides; sienna and 
umber arc silicates of aluminium containing Iron and 
mangane^; ret I and brown ochres are the natural 
hydrated or anhydrous oxides, or they may be produced bv 
the catcination of carbonates, w^hereby a wide range of 
shades is obtained. 

Injn c*rcs ocuur in a number of t>f deposit. Mag- 
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matic segregations are exempllGed by ihe great inagticiiie 
deposits of nortiiem Sweden, PyrooietasOTnalic deposits 
and contact-mcEamorpinc deposiu are widiispread, as in the 
Western t>tateS| Sweden^ clc. Importsnl iron ores occur 
as scdim^iary beds, as, for example^ in the Jurassic nocks 
of the MidJands of EngEand; ancient sedimentary deposits 
which have sixJfered regional mctamorphlsm provide ihe 
enormous output of the mines of tile Lake Superior district, 
which annua]ly produce some Eity miltinn tons of ore- 
Residual deposits of various kinds, especially ihc limonitic 
ores found in the gossans of suJphIde deposits^ are anoiher 
imporiani type of Qccurrcnce+ 

As already mentioned, the output of iron-ore in norxiiai 
times amounts to about 2CK>,OaO.£>00 tons; the chief pro¬ 
ducers are LEnited States with its great output from the Lake 
Superior oiines, France, Russia, Sweden, Great Britain, 
China, India, followed by Newfoundland, South Australia, 
Cfiilc, Czecho-Slovakla, Germany, Luxembourg, Algeria. 

Tests* The following tests are useful in the detection of 
iron in coinpounds^ With borax | iron compounds gjvc in 
the oxidising El a me a bead w^hicb is yellow bot^ and colour- 
l^s cold, or, if more material Is add^d to the bead, 
brownish-red hoi and yellow cold; in the reducing flume, the 
usual colour is botili^retrn of various shades. The micros 
cosmic salt bead is stmilar to that of borax; In the oxidising 
Game, but in the reducing flame, It is brownish-red hot and 
passes on cooling lo yellow-green and flnalJy colour [css. 

Tlie imporiant iron minerals are the folio wing. The 
rwiffun dement has been recorded in several localities. The 
c±ief oxides ^e m^gfieHie, Fe^O., and hematiU, Fe^O^: 
dmeiine, Fel iOj, ehronjite, and irtmkiioite 

ihe,Zn,Mn)|,re,.\inLO^, arc deserdw^d with tiuiniump chro¬ 
mium and /mo respeciivdy; htrcvnile, Fr ALO^, is a 
spmcl (see p. 307J* The cliief hydrated oxides are 

Fo(l3H}, and turgite, Fe.O^. 
nH/i. I lie carbonate is siderile or chaiyhitL^ FoCO Sul- 
pEudes ar^ represented by pyrite, FeS., and pyrrhoUU. 

complex sulphides by chalcopyritep CuFeS* (see 
p. and Jirsenopyrlte, FeAiS p. /|49J. Copperas Is a 
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hydra led suJphate of iroa* FeS0^.7Ha0; viviartits Is a 
hydraiL'd piioi^phate^ Fe^Pi0^.8H^a, Hydrated silicates ol 
various lypes are itvaite^ L:a_Fci^fFeOHj(SiUj 3 , and 
c^iarnosite^ thuringits^ greemilit^, aud^/nncoiiiie (see p* 42 uJ* 
in addJEiun lu iLs uLcurreniie in Euch silicates, iron also entiLr& 
in cunsttleraijle aiiiouiiT into many 01 die rock-lorfiung sUi- 
i:aLe>, sudi as the pyruxcncs^ byperstliene and acmjte^ the 
auiphibole^, anthnphyliite, g:lancuphane and riebeckilc,, the 
Eraii ^arnctSp the biuinic micas, and other sihcales su^i as 
sianroliic and clipritOEd. Finahy, columbite is an iron tanta- 
lale and wollram an iron tLin^sLate^ 

In tins acctJOn, the following iron minerals arc dealt 
with:— 

Element ... ... 

Lijirdtff 

Hydrated Oxides , . 


Carbamide 
Suipiddes 

Hydrated Sulphate... 
it yd rated Phaspluite 
Hyd rat ed Siticate ... 

NATIVE IKON. 

CQMP,-^lron^ Fe; usually alloyed with nided or some 
otJitT metal, or mixed with other iron compounds- 
Ckvst. Svst.—C ubic* Cow. Fokw*—Crystals octahedral 
generally massive^ and Avith a somewhat granular struciurt. 
CtEAV.—Perfect cubic. Colour.—I ron-grey^ STHEAk.— 

Iron-grey, Fract.—H ackly ; it is also maUeable and ductile 
Sp. Gr.—7-3-7 8, 

Test.—S trongly m ague lie, 

OccuRRExca.—Xative iron of terrestrial ongtn has been 
reported as occurring m Brazil, AuvergnCj, Bohemia, and in 
grains disseminated in basalt from Giant's Causeway {Irfr^ 
land) and elsewhere. The largest masses known to bt of 


Native Iron^ Fe. 

Magnetilc, Fe^O^. 
Hematite, FCjO^. 

Limonitet 2FejOj.3KjO. 
Goeihite, Fe(OHj. 

Thirgite, FeaOj.nHj,0. 
Sidurite, Chalybiie^ FeCO^. 
Pyrite, FtrS^. 

Pyrrhoiite, Fe^S^^, 
Copperas, FeS0^.7H,0, 
VjvianiEe, Fc^PjjOi.SHaO. 

11 va i le, CaFeH{FeO 11 J( SiO^|l 
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lerrestfial origin occur m Disko island siud tlsewbcrc o& the 
coast of W^'est Greenland* where masses rangiog up to 25 
tons Ln weight wxather out from a basall. Native iron also 
occurs as grams in some placer deposit,&+ as at Gorge RivcTj 
K ew Zealand^ and in Piedmonts Native iron may be formed 
by the alteration of iron minerals as in Eastern Canada, 

Meteoric iron is found in meteoriteSi — masses which have 
fallen front titc outer ainiosphere on to the surface of the 
earth. Meteorites may consist dlher entirely of iron, or 
partly of olivine and other silicates. Meteoric iron is usually 
alloyed with nickel and small quantities of cobalt, man- 
ganese^ tin, chromium, sulphur, carbooj chlorine* copper and 
phosphorus. It rusts mucli less readily than terrestrial Lron^ 
on account of the nickel which it contains^ The minerals 
olrvinc, enstatim, augite and anorihite have been found in 
n^eteofites. In thein, too, has been delected a phosphide of 
nickel and iron, called schricbeTStfff. and also a sulphide of 
imn^ known as ItoUiii*, having the formuEa FcS. 
M.AGNETITE* Magaetie Iron Ore. 

COMI'. — Iron oxide* Fe,0^: iron, 72'A per cent.; the Iron 
is somellmes replaced hy a smaU amount of magoesium or 
titanium. 

Crvst. Svst.’ — C ubic. Cum. Form,—^O ctahedra common 1 
also combinations of octahedron and rhombdodecahedron; 
also occurs granular and massive. Cleav,—P oor* octahedral. 
Colour- —Iron-hlack. Streak, — Black. Lustre-— Metallic 
or submetallic; opaque^ but in thin dendrites occurring in 
mica it is sometimes transparent or nearly so, F ft ACT. 
SubconchaidaL H,—^‘5-6^5. Sf. Gr.’ — 5 18, crystals. 

Opt* Props. —In tiiiB sections of rocks, occurs as acna!! 
square sections or shapeless grains, black by Lransmitttd 
and reflected light. 

Tests,—H eated before the blo%vpipe^ very difficult to fuse; 
with borax In the oxidising flame^ gives a bead which is 
yellow when hot and colnurless w hen cold; if much of the 
material is added to the bead, the bead is red when hot and 
yellow when cold; in the reducing flame, the borax bead Is 
botlk-green; magnetite is soluble in hydrochloric acid; it Is 
strongly magnetic nm\ often exhibits pzilarity- 
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OccuuRKNCE-—Magnetite occmrs a primar)/ cQiLstittierR 
of most IgnepLis rcxiks. Large de|>os'jts are considered to be 
tbe result of magmaiic segregation, as Id the Urals,, and 
Nofthern Sv^^eden^ KLirurifii Gellivaare,—in this case, how- 
evCTp it is suggested that the magnetite ha^ moved after its 
segregation. Workable magnetite deposits occur also as 
lenses m a^sralline schists, as io the Adirondack belt in 
the eastern United Stales, the pre-metamorphic nature of 
these deposits being a matter for discussion. Pyrometaso- 
matic and coniact-metafncirphic magnetite deposits arc wide¬ 
spread but not of great importance in production,'—examples 
are seen in the skarti " ores of Scandinavia, and in certain 
deposits in the Western States [B.g. Iron Springs^ Utah), 
and the Urals. Magnetite is also a constituent of many 
veins> Is found in residual days, and in placer deposits,— 
the black sands’"—formed by the degradation of earlliT 
deposits. 

Uses.—M ognctiti: is one of the most valuable ores of iron. 

&EMATITE, Specular Iron, Kidney Ore. 

Comp.—I ron ostjde, Fe,0^ j iron, 7U per cent*; clay and 
sandy Impurities are sometimes presents 

Cryst. Syst.— Hexagonal, rhombohedraJ. Com, Fqru.; — 
Rhombohedron, often modified^ and frequently in thin tabu¬ 
lar forms; also io micaceous nr foliaceons aggregates^ reni- 
form, granular^ or amorphous | commonly fibrous internaJly, 
CX.MAV.—Poor, parallel to the rhombohedron and to the basal 
plnacoid. Cqlqum.— Steel-grey to iron-blacky in particles 
sufficiently thin to transmit lightp it appears blocid-red; 
earthy forms are red. Streak. —Cherry-red. Lust he.— 
When cry'stallised metalljc and highly splcndent.—f^ecirfar 
fpou; in fibrous varieties, silky; la amorphous varieties, duEI 
and earthy; opaque except in very thin plates. Fhact.— 
Snbconchoidal or uneven. H-—5 5^5. Sp* Gr,—4-^5-3. 

Tests. —^Blowrpipe reactions as for magnetite; becomes 
magnetic on heating; soluble in adds. 

Varitties-^—S pecufnr frorr is a variety occurring in rhnm- 
bohcdral crystals, black in colour, and with a metaliic 
s-]]tcndid lustre; Micaceous HsmtiUie ini:]Ljdcs the fuliaceous 
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and niJcaceGLi& form?; Kidnsy Ore (see Fig. 137 ) is a rcni- 
form variety with a metallic lustre, especially on the mafn- 
SIiHated surfaces j beneath this surface^ kiJney ore usually 
displays a radiating or divergently columriar structure; 
Rfuddlis is the most earthy variety of hematite, red in colour, 
Aud used in the manufacture of cmycxit^j for polishing glass, 
and as a red paint; Martite Is probably a pseudomorph of 
hematite alter magnetite; It mostly occurs In small black 
octahedra, which give a reddish-brown streak. 

OccurPE\CE. —^Hematite occurs in pockebi and hollows^ 
replacing limestone; as an example of this mode of occur¬ 
rence, the deposits of Ulvcr^ 
stofi^ Ln Xorth Lancashlrie, 
may be given; here the 
hematite occurs in irregular 
masses in and on the surface 
of the Carboniferous Lime¬ 
stone, and probably revolts 

Ftc. lar.-HeraaiitE. Ki(]ne> Ore. replacement of 

that limestone by hematite 
brought from the ferruginous Triassic sandstones which 
overlie the limestones { metasoma tie deposits of a similar 
nature are found in the Forest of I 3 ean, and Cumber¬ 
land, and much more Important deposits of the same origm 
occur at Bilbao, Spain, Utah, and ekewhere. The greatest 
hematite deposits in the worlds—^those of the Lake Stiperior 
district,—the Mesabi^ Marquette, Menominee, etc-t iron- 
rat^es—result from the alteration and concentratiDu of iron 
silicates and carbonate of sedimeutary origin. Another not¬ 
able sronnirc deposit us the Clinton iron-betl of Alabama and 
neighbouring Eastern Slates; the hcmatitic ore is often 
oolitic In structure, and Is a thin sedimentary bed Inter- 
strati hed with Silurian rocks. The great Brazilian deposits^ 
are metarnorphnsed sedimentary ores. The hematite de¬ 
posit of Elba ib probably of cent act-melamorphic origin. 
Finally, residual deposits rich in hematite are known,— 
exan^ples being certain in the Appalachian bell of the Eastern 
United Stxites, and rhe fsir more important deposits in Cuba. 
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LIlfQNTTE^ Brown Henutlt^. 

CdMp. — Hydrous ferric oxIdKi, approxltiuiLi^ly 
3H.Q firoriT ^ cent.); possibly an admixture rif Fe^U^ 
and Fe(OH )3 with adsorbed water. 

Cbyst^ Svst.—^N onc, the midtral being- amerphaus and 
of cailoidal origin. Coy. Pohm. —O ccurs lei mamniSUated or 
stalactitic forms , having- a radiating fibrous structurep re¬ 
sembling that of hematite; also in duil earthy condition, and 
in concretions. Colour. — V anous shades of brown on frac- 
tnre-surfaces: when earthy, yellow or browoish-yetlowj the 
exteriors of mammiLlated and stalactitic forms frequently ex¬ 
hibit a blackish glazed coating-^ Stre ak. ^Y d lo wish-brown. 
LtrsTRE* —Snbfnetallic in some varieties ; sometimes silkyk 
sometimes duU or earthy. H. — 5-5’5. Sp. Git. — 3 b-4. 

Tests. — H eated in the closed lubci gives water; gives 
the iron reactions w^ith the fluxes; gives a magnetic residue 
on heating; soluble In hydrechlonc acid ; distinguished by its 
streak and form^ 

VAnrexiEs ,—Bag Iran Or^ is a loose^ porous earthy form 
of limonitet found in s^vampy and low-lying- ground, often 
impregnating and enveloping fragments of wood, leaves, 
mosses, etc. ; Pea Iran Ore is a variety of limonile having 
a pisolltic structure; Ochrejr are brown or yellow earthy 
forms of limonlte used for paint. 

Occur REJSTCE. —Liniooite results from the alteration of 
other iron minerals; from a highly ferruginous rock there 
may be formed by its degradatinn weathered residual de¬ 
posits, consisting largely of ferric hydroxide, mixed with 
clay and other itnpuntieE; these iron cuips arc common over 
the outcrops of pyritest oxide deposiLs and the 

lateritic iron ores are formed in an analogous manner ; 
examples of im porta at deposits of this character are the 
Bilbao, Spain, and the Cuba deposits. The bog iron ores 
are formed on the floors of some lakes* as in Sweden^ where 
a layer of T inches bi thickness accumulated in tw^enty-six 
years; the deposition of the iron compound from the stream- 
waters flowing into the lakes may be caused by minute 
organisms, such as bacteria. Some limonlte beds are true 
chemical precipitates, whilst others result frnm the alteration 
of chalybite. Limonlte enters intn the ore of some of the 
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JiirassEc iron-ore Bclds of England^ And is the dominant Itosi 
minerni in the great " minette iron-ores of Alsace-Lorraine. 

Gwtbit& 

Comp.—H jdrcms ixnn eside, FeOiOH) ; irun^ tiif-JJ per «nt, 

Cktst, SstSt. Orthfirhciiiiih-jc,. COM. FoiEM.— Id pr um-q icJiich ar-c 
wng'itEtdiDallj i.l:rtatnd| jutd (rd^ucntly bci liia.t tlrp crystal! 

asEUDlc a tahular funiij BhQ masairc^ sralacthic Hud fifaraos. CUAV. 

One giDad cleavage, parallel to iha hrarhypinacoid. CoLuUlL — 
BrqwniMi-tilflet, MEtictlnrea yenflwiih at reddLlh^ aitcn hbod-Tcd b? 
trao-am ttted liffht, StieaJC.—B roWilish-yeUaw ot ochre^tflUoTr. Lu&Tli:?. 
—AdaciiaotinH; opaque. N.—£-S“S. Ga.—4-4.4 

Thsts.—A s for limoniut, abovo; diEtioffoiaticd from limoiiite by 
beinig tryatalliiie. 

OccriiEKCE. — 4ssiKaatE<J with limans Je and hnualilc,—scraiE 
bceJilies being t^oitwi thiel aad Dotanaclc in Comw^allj Allenbarg in 
Saaony, Lake Onega in Russia, Jatlwan Iron uiine, Micbiian, U-S.A 

TURGnE. 

Comp.— Hydrated iron nside, FejiOj.nH^O, 

CHiUiACTEna AMD QcojRREMcE. —A mineral of donbtfiil 
statuSg resembling' Jimonite but having- a red streaky and dis- 
tfctiguished from hern.3t]to by containing water; found in 
small quantity with Ismonite. 

CflAL\BlTE, SIDERTTEi, SpathuBe Itodl 

Comp.—I ron carbonate, FeCO^ ; iroOp 48-3 per cent* i often 
a little manganese, loagmesium and calcium are present. 

Cryst. Svst.—'I' fexagunal, rhombobedral. C(3 m. Form.— 
Rhombohedra, the faces often curved; also massiv'C, cleav- 
able and gran u] a r. Clm vPerfect rhombohedral - Colour . 

'f ale yellowish or buff-brownish, and brownish-black or 
brownish-red- Streak.—W hitCx LoffTRE* — Pearly or 
vitreous; opaque^ rarely translucent, Fract^—L’^ neven; 
brittle. 5-4-5. Sp. Gr.—3-7-3-9. 

TesIS.—H ealed before the blowpipe^ it blackens and be¬ 
comes magneriE; gives the iron reactions with the Buses; 
acted upon very slowly by cold acids^ but in hot hydrochloric 
acid^ tt effervesces very briskly^ 

Varieties.—O dy Ironjfone is an impure iron carbonate 
occurring as beds and noduks especially In the Coal 
M^surcs of many coiintrics; it ts common in most of the 
Brltiah coalfields and in those of PennsyUania, Dhiot etc., in 
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the United States; occasionaliy it exhibits a cuj'ious radiately 
disposedp rude, sub-columnar structure^ causing it, when 
st^Liuk, to fall to pleceis m conical masses which envelop or 
cap one another, and to which name of cone-hi^one 
structure has been given, 1“hese clay ironstones constitute 
very valuable ores of iron; besides ocdtiiTing in the Coal 
Measures, day ironstones are also found in layers and 
nodules in other formations; Bluckhand is a dark often car¬ 
bonaceous type of clay ironstone; Oolhw Iromiitne is an 
iron carbonate which has replaced the caJdum carbonate of 
an oolitic limestoncp retaining the structure of the original 
rock, as Ln the cdebmled Cleveland iron ore; in many 
examples of oolitic ironstone^ however^ it has been shown 
that the iron carbonate did not replace caitium carbonate, 
btil was formed at the same time as tlie oolitic structures, 
these resulting from colloid a! processes. 

OtcrURnEV[rK.—Some sideritc deposits are formed by direct 
precipitation either in lakes, as m some bog iron ore de¬ 
posits or in the sea. These sedimentary deposits of siderite 
may be altered into limonke^ hematite and magnetite, and 
Sideritc has contributed to the great Lake Superior hematite 
deposits. The sedimentary sideritrs include those of the Coal 
Measures mentioned above^—typical localities being South 
Walcs^ South Stnildrdshire, and the other BritLsh coalBelds^ 
and the Eastern United States cDaJfieids. The mctasomadc 
siderites arc extremely important deposits; in these the iron 
carbonate has replaced catcium carbonate of limestones, re- 
tairttng many of the original features of the rock (nolitk 
structure, fossils, etc,); to this class belong the Cleveland 
ores. Siderite is an important vein mirttral and deposits of 
this type have been ivorked in Germany + The minette ores 
of Alsace-Lorraine {see p. 400) contain siderite, as do the 
Mesazoic ores of the English Midlands. 

PVRITE. PYRITES. IRON PYRITES, Mundic. 

CoMf^.^Iron sulphide, FeSjj; iron, 40‘6 per cent, 

Crvst^ Syst.—C ubic; Pyritc Type (see p. 7i). Com. 
Form,— Cube, and pwitohedron (see Figs. 25, 2S] ; the faces 
of the cube are often striated + the stri® of one face being at 
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rig'tit ang^tes to those of the adjacent faces (see Fi>. 27) ; it 
also occurs rRassive^ ip nodules which have g-eneraflv a 
radiating atmetureK in finely disscfnlna ted crystals or 
fiartitlefi, and >t iDccasionally replaces the calclto in fossil 
shells. CoLDiTR^^—Bronze-yellow to pale braas-vellow. 
Streak. —drcenisli nr brownish black. Lostre.— ^Metallic, 
splendent^ opai^ue. FsACT.—Conchoidal, uneven; brittle; 
strikes fire with steel, for which reason it was fornierlv used 
irt^cad of Bint in the old wheel-lock fire-arm, a steel wheel 
bein^ made to revolve rapidly by means of clockwork 
agtlinst a piece of pyritrs, from which sparks were thfow'fi off 
into the pan of the weapon. H,—compare copper 
pyrites, p. 231- Sp. Ch.— 4 8'b 1. 

Tests,—-H eated In closed tube, pives sublltnatc of suV 
phu r, lea virsj^ a majpietic residue * borax bead, yello w In 
Oxidising- flame, bottle-^een in reducing: Rame; heated on 
charcoal with soditim carbfinate, g'ivEs tnagnetlc residue j 
black stain ki silver coin test ; soluble in nitric add, insoluble 
In hydrochloric acid. 

Occurrence.—P yrite is a mineral of very cottimoo occur¬ 
rence in many parts of the world. It occurs not commonly as 
an accessory mineral in ig-neons recks; more often it is 
secondary'. It is a coaimon constituent of many ore^veini^t 
and larg^e deposits of varytng" tj'pes arc worked, chEcRy for 
sulphur or for the small percentage of copper or other 
metal contained in the pyrite. Many of the larg'e 
pyriie masses are difficult to interpret* Some are due 
(0 magmatic segregntionT and In these the pyrlre is 
accompanied by pyrrhotite* Others arc of contacl- 
mctamorphTc or pyrometasomatic origin, whilst some are 
considered to be injected bodies- The great deposits of Rio 
Tinto in Spaim Mt* Lyell in Tasmania, Rammelsberg In tiie 
Harz, and elsewherep arc low'-temperatnre deposits associated 
with calcite, bary^tes, quartz, etc. Pyritic deposits coDsidercd 
to be of sedimentary origin may be illustrated by the oolitic 
pyrite of the Cleveland Hills, England. In some cases, 
pyrite contains enough gold cd pay working for that mcial. 
As already stated, pyTite is not worked directly as an ore of 
iron, the sulphur which it contains rendering it comparatively 
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worthleas for that purpose; but a good deal of iht sulphuric 
add and sulphate of iroo» copperas, is derlvetl from itsdecom- 
position; when present in shales or days, its rlcnm^posltion 
and oxidation give nstp upon the roasting of die pyritons 
clay or shale, to sulphuric add, which combines with the 
alumina present; on the addition of potassium compounds 
alinUi a hydrous sulphate of aluminium and potassium is 
formed; in this way ftomc of the alum of commerce is made. 
Sulphur is also procured from pyrites^ but ncov the market 
for both sulphur and sulphuric acid is principally supplied 
from native sulphur. The world production of pvTite 
amounts to between six and eight million tons annuallvt the 
chief producers being Spain, Norway, Portugal, Cyprus, 
Germany^ Itajy, Japan^ France and the United States, 

MARCASira White Iron Pyrltea. 

CoNP,—Tran sulphifk, FeSj, identical with pyTitc+ 

Chyst^ Syst.—O rthorhombic. Cow+ Fop Hh—T abular 

crystals^ often repeatedly twinned, producing pseudohexa- 

gonal forms (see Ffg. 138)? 
the names cocfejcflfnlJ pyrites 
and spear pyrites are given 
to some of the aggregates 
of these twinned crystals, 
which occur in the Chalk 
and other sedimentary de¬ 
posits I also occurs in 
radiating forms, externally 
nodular. Colour. —Bronze-yellow, paler than that of 
py ri tes. Streak .— G rey ish * I.irsTaE.—Metallk. F ract. 

— Uneven; br it tie. Sr, Gr. —49. 

Tests,—A s for pyrite; It is paler than pyTite and decom¬ 
poses more readily- 

OccukftEKce.—Formed at lotver temperatures than pyrite, 
usually in concretions in sedimentary rocks, such as the 
English Chalk, or accompanying galena, blende^ etc,, in re¬ 
place men t deposits in limestones* 

Uses.—U sed for the same purposes as pyrile, artd was 
formerly cut and polished for ornaments. 



1-iG,. 138.—^Marraaitfi^ Twinned 
fJOoTer]. 
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PYRRHOTITE, PYEEHOTINE^ PjrJt«. 

Co«p . — Iron sulphide with dlssa]%^ed sulphur, Fc.Sa+j; it 
often contains nickel, soEnetimes up to 5 per cent^. and is 
then valuable as a source of that metaJ. 

Crvst, Svst.— Hexagonal, Com, Form. —Sometimes oc¬ 
curs in hexagional prisms, which are fre-quendy tabular; 
g-encrally massive^ Cleav. —Sometimes distinct parallel to 
the basal pinacold. Coi oua. — Reddish or brownish, bron7e 
or copper-cotour “ readily tarnishes on exposure. Streak,— 
Dark grcyish-black, LusriiE.^MctallFC ; opaque. Fract. 
— Uneven or imperfectly conchoidal: brittle. Magnetism. — 
Magnetic- H.—3 Sp. 

Tests. —Soluble Ln hydrochloric Acid, with evolution of 
sulphuretted hydrogen ; heated before the blowpipe fuses in 
the f^uclng flame to a black magnetic globule—In the 
oicidislng flame it is converted Into a globule of red Iron 
oxide ; pyrrhotite Is distinguished from pyritfs by tXs In¬ 
ferior hardness and by its colour, from copper pyrites by Its 
colour^ and from kupfernickel by Its specific gravity and 
blowpipe reactions. 

OccLHRENCE-'^Thc most important occurrence of pyrrho 
tite ts that of Sudbury, Canada; lierc the mineral is accom- 
panird by the nickel-bearing sulphide penllanditc fp. fNii3)i, 
and the deposits roostitufe the w^orld's largest known source 
of nir'kel. The pyrrhotite ore-boflies nre geneticullv con-^ 
necEed with a gabbro mass* the so-callwl '‘noriLCi” and 
occur as marginal deposits fringing the norite, as impreg- 
nadoiis and as vein^lik^ mossed' opinions differ concerning 
their niigln, suggestions being that they arc due to mag- 
tnatic s^regations^ to the injection of sulphides as a 
magma, or to hydrothermal agencies. Other less important 
tocaiitles of pvTrhotitc are Botallark fComwaJi). l^rtr 
Alston fDevonshire), DoJgeUy (Wales), Kongsherg fXir- 
w^ay), and .Andreasberg in tlie Harz. 

Uses. — The most valuable ore of nickel, 
t OPPER^IS. MEI^ANTERTTE. Green Vitrial 

Comp. —Hydrated [ron sulphate^ FeS 04 , 7 HjO* 

Crvs^t, Svst. -llonociinic- Com. Form. — W beo crystal- 
lljfcd, it occurs In acutely prismatic crystals, but it is more 
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commonly found massive or pulverulent, and also botryoidal, 
reniform^ or stalacthic. Colour. —Various shades of gr^en 
li> u hfte I exposed surfaces generally of a yellowish or veI' 
low^ish-hrowTi colour, and v.^ith a vitrified or glared appear^ 
flnee^ at ttmes rest Sibling a furnace slag^ Stkeak.—C olour- 
less+ [nrsTRE.—^^it^eous; subtranspflrent or translucent, 
FftAOT.—Conchocdal; brittle. Taste-—S weetish^ astringent 
and rTretalllc, nauseous. H. — 2^ Sk. Ck.— t^S. 

Tests.—S oluble in water^ — on the addidan of barium 
chloride to the solutLon a whitE precipitate is [hrown down j 
heated before the blowpipe^ becomes magnetic; gives a green 
glass with borax. 

OccuRKE^■cE.—Copperas results from the decomposition of 
pyrites in the zone of oxidation^ and is found in small quan¬ 
tities wherever pyrlle occurs* — notahk localities being Cop¬ 
peras Mount, Oh]o» U.S.A.^ and Goslar in the Har^. 

I'sFS, — Copperas is used by tanners, dyers and Ink manu¬ 
facturers, as it yields a black colour with tartnic add. When 
treated with potassium ferrocyanidc (yellow prussiate of 
potash) it forms the pigment known as Prussian Blue. 

VIVTAMTE, Blue-iron Kar!h. 

Comp. — -H ydrated iron phosphate, Fe^P^Oi.SHjO; iron 
peroTtde is somrtinies present. 

Chvst. Svst. —Monoclinic. Com. Fon«-—Crystals modi¬ 
fied prisms^ generally very smaJh aod often forming diver¬ 
gent aggregations; also occurs radiating^ reniform, and as 
encrustations. Cleav.—P erfect parallel to the cliuopina- 
coid. Colour.—\\T iite, or nearly colourles.s wFicn unaltered, 
hut usually deep blue or green; or ofteo a dirty blue. 
Stpeak, — B ltiiph-whitEt sometimes colourless, soon chang¬ 
ing to Indigo blue; colour of dry powder^ I Ever- brown. 
Lustre. — Pearly to vitreous; transparent to translucent, 
turning opaque oo exposure- Fkact. — N ot observable; 
sectile; thin laminae flexible. H. — 1'5-2. Se. Ch. —^2-66, 

Tests. — H eated before the blowpipe, fuses, loses its 
colourH and becomes converted to a greyish-black magnetic 
globule; with the Fluxes gave;; reactions for Iron; heated in 
the clof^icd tube, it whitens, exfoliate?!, fmd yieldy wTiter; 
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solubk in hydrochTont: add: with ^orfinm cArbonitEet 

Ignited with rnjignesiuEn^ and moistened ^ gWes phosphordted 
hydropen. 

Occi^ftREvcE, — ^Vmanile Ib found an^ocialnd with iron^ 
copper, and tin ores; It also occurs tn clay, mud and peat, 
and especially in bop Iron-pre ; somcrlmes it is found in or 
upon fossil bones or shells: isotne localities; ute — several 
mines in Comwal! and Devon, in peat swamps in Shetland, 
in the Isle of Man (occurring with the horns of elk and deer), 
Bodenmais in Bavaria, Orodna in Transylvania, etc- 

ritmlle. liievnte, Ypnite. 

Coup.—S flicatn af iron and caJdnm, CaFc^fFeOHXSiOJa T a lit^k 

Oxids at qxaa^aiiesc is fr^riucnlly pirsonL 
CiYST. R^fiT.^OrthDrhamliic, CoM_ Eoieii.—F ri-MTmtic crystaTs, tbe 
often d^epjy striaterf kinertudinally + alw ctimpirt and TnflSsivE. 
COLOUB.—BlELci or brownish-Mai'Ic. StarjiK, — hm^oiab nr 

i^Teenffih. Lustre—-S ubmerkttic; opaque. Fa act,— iTncTBn ; tritfk. 
a-6. Sp, gh —a a-4 1. 

Tfcjrrs.^Healed befotc tbe hJowpspe, fuses to a h\ACk inaraedc 
globule; wEth boray,^ yfelds a dark grecTT and nearly upaque bead ; 
wltible m bydrwrlilDric add* forming a idij. 

OeCDlMEJiCit,—Assomaled with madgi^etitcH aod with xiac and c&ppcr 
aresj some kiralitira are ETba, The Hara, TvtoU SatonV, Narwur. 
Rbdd^ Island^ 


COBALT AnNERALS. 

Cobalt (Co) IS a malleable met^l closely restmbtlng nickel 
in appearance. It hss a hig'h melting; point, between i^SCK) 
and i,S00"C, It can he produced by the reduction of its 
oicides by carbon, 'ITic uses of cobah and its compiounds are 
of three chief clsisses; It 1^ employed in the production of a 
im1 liable series of alloys, used in rustless steel and high speed 
steels; It Is used to a certain extent in c1ectro-plaling+ and 
finatlVi its compounds are extensivelv used, in the mantifatc- 
ture of pigments, especifllly falues^ employed in the glass, 
coetocI and piottfry industries. 

The chief produceng of cobalt are Eclgian Gongo^ Northern 
Rhodesia, as a by-product in copper smelGng (see p. 2381, 
Canada, where it is associated w'Uh arsenic, nickel arid 
ailycr, and its profitable exploitation often depends on the 
pnee of the last-named metal, India, Morocco and Sweden. 
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Cobalt deposits of economic vaiuE occur in three main ways s 
as cobatt veins carrying; smaftite and cobaltjte {Saxonyt 
Cobalt), as cobaltifercms pyrrhotite (Sudhuiy), and as asbo- 
litc w’tiich results from the weatherings of Cdbattiferous bask 
and ultrabaak rocks,—this last orig^in being anaiogons to 
the garnierite deposits of aickel (New Caledonla). The 
primary cobalt sulphides, sulpharsenidcs and arsenides 
weather in the oxidation-zone into oxides and hydrated 
oxy-salts. The chief cobalt minerals are therefore! — 


Arsenide 

Sulphide ... ... ... 

" Bloom/* Hydrated 
Arsenate 

Oxide** ... ... 


Smaltitc, Co As,. 
Linnaeile+ Cn^S^. 
Cobaltite, CoAsS. 


Erythrite^ CojAsjOj.SKjO* 
AsimLite: oxide of manganese, 
sometimes containing up to 
50 % cobalt oxide. 

Teists.—C obalt minerals colour both borax and micro- 
cosmic salt beads a rich blue. The residue obtained by heat¬ 
ing cobalt minerak with sodium carbonate and charcoal is 
feebly magncErc. Cobalt .minerals w^eather on their exterior 
to pinkish cobalt -'blooms/*—^the eohait indicai^rs^ 


SMALTITE. Tm White CnbalL 

CaMP.—Cobalt arsemde, CoAs^; usually contains nickel 
arsenide, forming passages to chloanthlte, NiAs^; some iron 
usually present also- 

Chvst^ Svst.—C ubic, Fyrite Type. Com. Form.—C rystals 
sliovv octahedron, cube and rhombdodecahedfon, variously 
modified; usually occurs massive or reticulated- Cleav.— 
OrtrtbedraJ, and tolerably disltncf; cnbic^ less distinct- 
CoTJUTR,—Tin-white, approaching steel-grey when massive; 
tarnishes on exposure, sometimes mdescctitly* Sthhak.— 
Grevlsh-black. LusTRE.—Metallic. Ffact.—G ranular and 
Uneven; brittle, Sp* Oie.—B'- l. 

Tests.—H ealed In the closed tube, g;ives a sublimate of 
metallic arsenic; heated in the open tube, gives a sublimate 
of arscniDus oxide; heated on charcoal, gives off an arseni* 
cal odour^ and fuses to a globule, which yields reactions for 
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cobalt with borax; the presence of cobalt is often mdicated 
by the oocurrence of a piakish coating’ {cobalt bloom) on the 
surface of the infneraL 

OctuRHEN'CE.—Smaltite occurs in hydatogcnetic TeinSi as¬ 
sociated writh caldtCp barytesj quartz» and stiver^ nickel and 
copper luincrals; the main source of supply is Cobalt^ On¬ 
tario; other localities are Schneebcrg:, Freiberg and Anna- 
berg, Saxony, and Jess important are several mines in Corn- 
walk JoachlrnsthaJ m Bohemia, etc. 

Lineffiite, 

Cour,— Ccibali EUlphide, rajS^. 

CasTf-r, Syst.—C nh Ec. 

CiiAttACrcis Am) OccL^iiKWCE.—A iteelv firry miasral, tarnishing 
coppery rwj, occflrtiofi m nriihednil crvsfalj or tnawive farms, in 
sLiIpbide veins, isMtated with chafccpyrite, pyrite, ere.; hisaicd in 
the edereed Ha be, (dves Eao^pbor Afcer a time, Bjad tbe rOftSted malcfisl 
lives the calaalt blue ifi the bom he^d. 

COBALTTTE. 

CoMPv—Siilpharsenidfe of cobalt, CoAsS. 

Calf ST. SvST—Cubic. Co«. Form,—C rystalsp cubic or 
pvTitobedraJ; usually found massive, granular and compact- 
Colour —Silver-while, with a reddish tingu. Streak.— 
Creyisb-black. tusTRff.—Metallic. H.—5^. Sr. Gr,—6- 
6 3. 

Tksts.—H eated in the closed tube, remains unaltered; 
heated in the open ttibe, it yields a subliuiate of arsenious 
Oxide and gives off *^ulphurous fumes; gives the blue cobalt 
bead with borax; decomposed by nitrie acid. 

OccLTiaEscE.—With smalthe (see abovel; also in meEaso- 
mafic coat act-deposits. 

Use.—A n ore of cobalt. 

Erythrite^ Ccbilt BLauip. 

^Mr—Hydrated c^bati awnAic, rojAssOp.sMjO j cAkium, aieW 
and iToq oiidei are frBqDflatly present 

Cs’rfiT. SvST. MoinDclini-c. Com. Fouf,—Crrstala prEamatic, itfi^ 
cocMnn; ocoin iQMlIy earthy; piilveniteit Or cncniBtjnfi, sonwlittwa 
gfa^lar at mitarm Clkav.—F erfftci par#Uri to the cli nCFptitatold, 
^TiDET nae to a fhliiMTiM sfcructufc, the IWTiin* bein| fTexihk, 
COLCH^l.—Peach^red, ar cTiinMn^red, -EHicaHionmlly gnjish Or atccitfsll 
STlKAX.-^Same u enfaar, bat ralhet piTer, and the powder whcD dry 
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in Invm dET^JHije, J.rtTlE.— 0^ ctlaATa^e^ pl&nsaj pe.arlv t other 
faces, Ad^moiitiita or vhTeoua; id masJvB apocitnimir duU and InsErt^ 
l™. H:—1-M.g. Sp. Gb—2-S^. 

Tests.-- Wbeii bcalcd ifl l]i* ckiud it yitlda water, 

mi OH additimial lusating^ it gives a »ibliin4te of araniotis ouda ■ 
haaled beforn tbn bkiwpip^p alf^oe, fu&es, mud cciluars thn fiam* LL^hl 
bluaj with borai^ gi™ a dftSp bhtt beads lalttbla in hydroctdcric 
Bcid, [arijUng a rose-isd sdluliiJd. 

Occi^aa^sscE.—Erythrile is th« cobtiit Moom formed in tbe tipper 
parts of vfiiaSp eE£.ji bj the weathcxuig of iioball aries« Aiad ii faund 
oasocisted wLib aratultitB and coboJtite, 

Asbolite, AfibolsDp Enrtby CnWti Blact Oxide of CobnJL 

Com",—This miii^crai is CiSenlialij wad. [bsce |.i. 47B) or hydrated 
Oxide of manganBfii], contSming a taxi able perccalago of cobalt oxide 
Etucchaii tcaJJj mixed Witb iometiniK amounling to nearly 40 per 
ocat. i Sulphide oE cobalt add oxides oi cqpp4±tp iron md Rld^l ore 
at tiBpea. prescat. C0U. Foin-r—AmorphouE, eaciby-r COi-OUi-— 
Blaei^ or bluei'black. S'rtEAlC^—Bluctf shining and itain-nus, 

IteTS. ilealEd in edosed ttlbCp yiclik water; Ewtoi bead blncj dur 
Ld cobalt; sedium carboDald bead, apai|un giOen^ dlie to mangadtse; 
soluble in hydrochloric acid. 

OccciMEltCE.^—OccuiB Witb tha chief OrM of cobalt in the oxida¬ 
tion XoiiCp and vith mangauesc nrost os at Mine La MoLLbj Miismirip 
tl.S.A. ; on important OCCUrrepce is in New Calfiddnia^ wlifire tbe 
OSboliEc deposita repreBcot the aopccficial alteration of a cobaltiftr-CHtB 
■eipentine, anaJdgoua to die gJMTiifirile depotiti foitnad frertn a aicl<eLi- 
ferous serpcntin-c p. E04}. 

MCKEL MINEIL\LS. 

Nickel (NiJ which never occuris fiative, is a white aialle* 
able metnl, uoaiTccted by moist or dry air* and capable of 
taking a high polish. It is obtained by the reduction of Its 
oxide, or by the *’ Mond process, which consEsts of 
formation of a volaiiEe nickel carbonyl produced by passing 
carbon monoxide over heated nickel oxide^ and the dissocla- 
tEon of tills compound at a higher temperature into ojckcl 
and carbon mnnoxide, w’hich can be tised again. The ore Is 
usually first treated for the production of matte, and, besideSp 
the copper^nlckel ores of Canada are smelted for the diret^t 
production of mofiel meiab"' an alloy of nickel and copper, 
whose applications are of great iivdustrial Importance^ 

Nickel is used in the coinage of a large number of coun¬ 
tries. It is used, though not so extensively as formerly, in 
electroplating (nickd plating); it is employed in the construe- 
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don of ccrtliD storage batteries^ and several of Its salts are 
used In chemical industry^ The maiii use of nickdi how¬ 
ever, is in its applications in the form of alloys with olhi^t 
metals,^—for examplCi Gem^an silver (an alloy of copper^ 
t^kkcL and xine in varying proportions), white rnetal^ nickel 
bronzes, etc. The man u fat Lure of nickel-steel alloys cootiun- 
ing from 2’5 to as much as 79 per cent, of nickel absorbs the 
largest proportion of the nickel produced. The propenie^i 
of the alloys vary remarkably with thr amount of nickel, but, 
in general, nickel steel has a greater liardness and tensile 
strength than carbon steel, and is used for a great number 
of purposes,—for armour-plate, aircraft consirucdon^ motor¬ 
cars, etc. 

Nickel deposits may be divided Loto three types similar to 
the coball deposits,—that Ls^ veirts, fiickeliftrous pyrrhotitc, 
and nickelifejous scrpenlincs (garnierite). The most im¬ 
portant source of tii+^ket Ls I he mineral peotlandite, which is 
commonly associated with p^rrhutiLc, giving the so-c^iUed 
nickel if erous pyrrbotite'* ores as at Sudbury, QntariOi 
CanadJi, which supplies gtj per cent, or more of the world 
total; With tilt pvrrhodte is nssrjcialcrd Arsenit, copper and 
Cfjbtilt, and often a considerable amount of silver, and a 
minute profMjrtion of platmurn,—certain of these metals 
non constituting an impr.>rtant part of the metal output of 
the Sudbury field. In IQM, nearly three uiLiUon torts of 
ore were mined, mostly from Sudbury, and the Ccinadian 
prutluclion of nickel amounted to over 60,000 ions. In 
nickel production, New Caledonia, fjom lateritic garnierite 
follow^s with un annual production of mckcl matte 
of about 6t!XK^ tuns. A few hundred tons of nickel have 
l>urn produced by Norw'Sy, Greece, and India, hut this docs 
not d]slurb ihc dominance t^f the Canadian production. 

The primary nickel minerals arc sulphides and arsenides, 
and these are oxidised Ln the upper parts of the deposits into 
the rtiVkcl of a green colour. The minerals of nickel 

dealt with here are:— 

Arsenides ... Kupfemickek Niccollte, NiAs. 

Chloanthile, NiAs,, 

Aniimonide ... Breithauptite, NiSb. 


THE PtlSCRIPTION OF 5Qi 

Sulphides . MUlerite* NiS, 

PentLaodite, (Fe^WijS. 

" Blooms ** --- Emerald Nickel. Zaratitc, NiCO.. 

2Ni(OH)s,4H^O. 

Nickel Morenosite^ 

NiSO^wH^O- 

Kickel lilMiTi, AnnabiTg-ite^ 
Ni,As30..8H,0. 

Silkates . Carnierite. and Genthite.— hydrated 

nickeliferous mflg-nesium aiUcates. 

Tests, — B lowpipe reactions for nickel are poor. Tn the 
borax bead, nickel compoiinds g:ive a reddish-brqwn coJoar 
in the oxidiaifig Game, which changes tn an opaque gfcy in 
the reducing f1a.ine; in the microcosmic salt bcad» the coldftrs 
are reddish-brcivos. Nickel compounds give a feebly mag¬ 
netic resldud whexi heated nn charcoal with sodjum car- 
bofiate^ Nickel ores oxidise on the surface to a green 
colour, the nkhcl blooms, due to the formation of oxy salts 
of the metal. 

KUPFEBNICKEU KICCOUTE, Copper Nickeh Arisoninl 

KidteL 

Comp.—N ickel arsenide. NiAsj antimonvt and traces of 
cobalt, iron and sulpbur arc sometimes present. 

Chvst. Svsrr,—Hexagonal. Com. Foilm.— Usually found 
massive. Cdloup*—P afts copper-red. like that of a new 
penny; sninctitnes with a tarnish- StrEi^k.- Pale brownish- 
black. Lustre.— aietaltSc ; opaque. Fract*—U neven ; 
brittle. H.— &-5 &. Sp. Gr.— 7 S-m 

Tests. — H eated before the blowpipe, gives arsenical 
fumes, and fuses to a globule^ and this fused substance, if 
subsequently heated in the boras bead, afords reactions for 
nickel, — oxidising flame, reddish-brown, reducing flame 
opaque grey, and also for cobalt anti iron; soluble in nUrk 
acid, givsng an apple-grcen solution. 

Occurrence.— Kupfemickcl is usually associated in hyda- 
togenetic veins with cobalt, silver and copper ores, and is a 
soEirce of metallic nlckd. Prominent localities are Cobalt 
(Ontario), and many mines in Cornwalt. Saxony, the Han, 
etc. (see aJso Lbe occurrences of smaltltc on p. 493). 
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CHLQANTHITE, White NicfceL 

Comp .— Nickel arisenidei KiAs^ ; at limes much mbaJi re¬ 
places the deke], causing the miTlcrat to grade into smaltitc, 
as stated on p. 4S7; sgmetimes iron Is also prescrit. 

Crvst. Syst.—C' ubic, Pyrite T ype. Com. Pokm.— Crys¬ 
tals * cvbe; usually massive. CoLDUii.—Tin-white. Streak. 
—Greyish-black. H.— 5 - 5 - 6 . Sp. Tin.—tj' 4 - 6 T- 

Tests.-— for kupfcrnickei. 

Occurrence.—U sually occurs with soiakite at locabtiEs 
cited for that mineral (ser p. 49SJ, especially at t^obalt, On- 
Larlo^ and is a valuable nickel ore, 

BreUJiauptIte, Antimonlal NickeL 

tiOHT.—Nitkfi] AGtimoaide^ NiSb; oftep with a cunsidfiiatlo wnciilt 
of lead flulphide. 

CsTSTr Sttt.—F feiag<walr Com. Fdi«-—C rysiala rare, uaaally 
missive. CoLoirn.—Light upper-red when beslily hr^itn. Luitiii.— 
Highly metallic. H,—o^o- Sr. Gi.—7'S, 

Tests r—Heated on L-har^oal giva a wtute £:(]iiii].g of anLimEmj 
oaide; aftej roigtiegp yieida nit&d reaction^ in tbe borai bead. 

—Ocoira with kupEerpif^kel, aa at Aadr&asbcrg in tlie 
Hara; fnnnd 9ikQ it Cobiltp Ontario. 

UILLEBITE, Nickel Pyrites* Capiliarj Pyrilei- 

Comp.—N ickel ^ulphlde^ NiS; traces of cobalt, copper and 
iron often present. 

Cryst. Syst.— ^He^a^onal, rhombohedraL Com. Form. — 
Usually occurs in capillary crystals of PKlfeme delic^y, 
whence the name capiltaty or hutr sometimes but 

rarely occurs in columnar tufted coatiiigs^ also in rhombo- 
hedra^ rarely, Cleav.—P erfect rhombohedral^ CoLOua. — 
Brass-yellow to brqnze-yellow; often tarnished. Streak. — 
Greenish-black, Lustre, —Metallic. H.—Sr. Gr.— 
5 ' 3 - 56 . 

Tests. —Heated in the open tube, gives sulphurous fumes; 
heated before the blowpipe^ after roasting, it gives with 
borax and with mlerocasmic salt, a violet bead in the 
oxidising (lamct ^ grey bead, owing tq the reduction to 
metallic nickel^ in the reducing flame,—the Impurities also 
oflen give reactions in the beads; heated on charcoal with 
sodium carbonate and charcoal, gives a mciallic niagnetic 
mass of nickeL 
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OccuFRiSNCE. — Occurs as nodulEs in day Ircjiistooe^ as in 
South Wales - also in veins associated with other nlckc! and 
cobalt minerals as at Cobalt (Ontario)^ ComwaU, Saxony, 
and especially at the Gap Mine, J^ncaster Co., Penusyl- 
vania, U.S^A* 

PKNTLiVNOITE* 

CoMj*. — ^NEckel iron sulphide, (FepNi)S* often appro simat- 
iug* to 2FcS.NiS. 

CuvST. Syst. — C ubic, Con* Fonw Usualiy massive 

or granular- Colouh. — B ronze-yellow- STREAK,—Black- 
LirsTKi::-—MetnUlc. Fract. — L ineven ; brittle. H.— 3-5-4. 
Sr. Gh_ — 5-0. 

Tests.^—^H eated in the open tube gives sulphurous funiesj 
after roasting, gives nickel reaetjons^ an the borax head; 
be/ore the blowpipe^ yields a magnetic mass; soluble in nitric 
acid^ the solution giving a reddish-brown precipitate of fenric 
hydroxide on the addition of ammonia. 

OcciFRHKScE. — Otcurs intergrow'n with pyrrhotite iu the 
Sudbury, Ontario^ nickel deposit^ and elsewhere* associated 
with nioiceliferous pyrrhotitep kupfemkkelj mUleritCp etc- 

l^ickel Blooms. 

Tile hydrBted and oxidised nickel minerals form on the 
exterior of the primary nickel minerals, and are known as 
mckcl hhoms or nickel indicators^ They am all green in 
colour, and the main sptcics are:— 

EmeralJ ATirAr^l, Zo^-atite* NiCO,.2Ni(OH)^.4H^O. 
NickfJ Fitrujf, Mo^nosits^ 

Nickel Bloom, Ni^-As^Qj^SHaO. 

Emerald NitkeL Ziwiitite, 

Cuirp^— HydrateU i-arlxinite of nickel, NiCO^.^XilOHJia 4fI-0 ; hi 
inrae qf ihe paJer varielies, x liUlc nt iIee nickel ia icnltf^d bv mes- 
ncgiLiin, ^ 

Coy. Fosm.—A niarpiMijaj ocenrB AS an Enerustation, sruuctimc^ 
miDutriy marnmEllaEcd and stalaxtidc; iJ30 and ccmpiirL 

epLOL'*^ FmeraEd-^rccii. Stueak. — ^P alcr Lb an ilic cnkiiir. Lfstsi^ 
~VLlj;eoua; traftiparent to trAnElncmit. H.—3. 5 t. Ga.— 

Tests.—H eaErd in Lbe closed tube, gives afi wattr and carbon 
dioxide, kAvfng a d-trlc, mAgUelifr rwiduc; givts the n^in^t nkltF-] 

;i3 
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TCfliEtiana in lii€ borai bead^ dipSClTrt witil efflcrv«C«OCt wbtn hcatfid 
IE diintE hjdrDchlorrc ocJd. 

OcciTEEllfCC.^ Ocnuis as a ctallBg ID athar njElcd nxinEralii and is 
j|j*5Cfated with chTiasnitBnrbeariDg" -serpffntjnEg.^ Ai ifl I^Esti Shttland 
Tiiuida. 

VIlrioL ^lErcn&ait^. 

COM^.—HvdxalEd Eicfccl aulphMe, 

Cit¥ST. SYSTi—Orthothijmbic, CoH. FotUL—Acicnlar crysUla Efld 
ibrnus cmstH. CoLDEll.—Appl«-gr«n EEd pala ^teCE, H.— 

Bk Gil-2. 

TEaT3_—Gh'ca nitbel rCaCtiont in borax bcad-^ scl4;ib]« ie lijdr^ 
cblarig acid, Lbo SolilliOU gfc¥illg_ a dense wbit* precipitaln OD biE 
addilicn td barimn chloridr ifElatinn. 

OccuiEEh'CE.—^Associated Witfi Olfaer nicke! blODCns as a weal hexing 
prodncl af prisuirt nickel miBErals. 

AjuLibergit^, Nickel Blaotu^ 

CoiiP-—HydfOUl nickel arsennte, NijASjO^.SHjQ. 

Stit.—M uEOclinic, 

^AILACTETIS AWU OcCHtfiENCKx—OoTUr* as A cEfttiag of apple-^IfiCE 
capillary ctyatals, and resnlla from the decompoaitinn oi nick^ 
mincrais^ in the baraix bead gives the nickel reacllons and when 
heated in the clas»d! tube with ebarcoat gives waler and an arsEnsE 
mirror. 

GAKMERTTE, NOUMEtTE. 

Comp.—E s&cntkUy a hydrated Dcekel ftiag-nesiiitn itilicAte, 
but very vorLable. 

Com. Form.—A jnorpboiis^ soft and friable. CoLDtJR+— 
Apple-green to nearly ¥^-hlle. Cu^tre,—D otU H.— 3 - 4 > 
Sp, Gm.^^'S-^'8- 

Tf-STs*—A dheres to the tongue; healed in the closed ttibCi 
yields water and blackens t in borast bead^ gives ntckcl re- 
aclioo^; in the microcosmte bead^ gives a nkkel reaction i 
and leaves an jnsolubk slEclctan of silica, tndicalinig a sili¬ 
cate, 

VARiETy . — GmihiU is a hydrated nickel magne&itiin sili¬ 
cate, related to gamierite. 

OccuaRE.vcE^—Occur:& in serpentine near Noomea^ New 
Caledonia, in veins associated wkh cliromite and tak; a 
residual drpioslt, rich in nickel, js formtai by the lateritic 
decay of the nlckdlferous serpentine ^ also fnund at Riddle 
(Orcgonl, Webster (N orth Carol Inal and Revda (UratsJ. 
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UsF^- — Gamlerile is an important source of nickd, and 
the Kew Caledonia deposits, before the development of the 
Sudbury nickeliferous pyrrhotite deposit^ were the chief 
source of this metal. 

PLATINUM GROLTP IVfTNERALS. 

The members of the platinum group of metaSs^—platjnum, 
pa]ladiun]> oiimEum, iridiumj, rhodiuni and ruthenium^^^ — occur 
tf^ether in nature as the native metals or aUoys. The most 
abundant of those metals Is plntmnm^ Uic otliers occurring 
in snnall quantities with this. The metals are used in 
jewellery^ in the electrical trades, in electro-plating-, m 
chcrnical industries, in dentistry, and for certain plioto- 
graphic purposes. 

PlatinDio. 

PlatiHum (Ft) occurs ntifive, and in djaL form constltmes 
the most important source of the metaL It is a gTeylsh- 
white lustrous nieLai, baving a specific gravity of 2i.4j& and 
melting at |,TfitP C. h is mrilleabje and ductile, and may be 
wcldcti at a bright red heat. Its resistance Eo adds^ and to 
cliemical influence generally, renders it of particular nse in 
the laboratory and In the electrical and other industries. Et 
la also largely used as a catalytic agent In the manufacture 
of chemicals by the contact process, and in dentistry and 
jewellery^ Platinuin is refine<i and separated from associated 
metals by a somewhat complicated scries of operations. 

In addition to the naLivt metal, an important source of 
platinum is sperrylite^ PtAs^j as this occurs in ihe most Im¬ 
portant platinum deposits, those of Sudbury^ Ontario. 
Platinum occurs in a number of ways. It is found dis¬ 
seminated as small original grains in basic and ultrabasic 
Igneous rocks such as cilvine-gabbros and perldotices, as in 
the Urals; it occurs also in similar rocks in the Bushveld 
norite complex id Soutfi Africa^ and in cbromite-rich layers 
in the same eompleifi ; In the pyrrhotite deposits of Sudbury^ 
Canada, which are possibiy magmatic scgregatioiis, sperry- 
lite ami the platinum group metals aJTord the largest share 
of the world output ; platinum occurs In quartz %^eins in the 


ELEMENTS DF MINERALOGY 


Traribvaai, and a small amount is present in many coppirr 
dejyostts. From alt these types of occurrence, pUcer or 
alluvial deposits are formed^ and tins type of deposit up to 
recently supplied the greaiest part of the output. The world 
production Is about £00,000 ounces troy annuallVt tlie chief 
producers being Canada, Russia, Colombia, Snutb Africa, 
Abyssinia, and the UnUed Stnles, with small sporadic pro- 
ducEjon from AustraJia^ Sierra Leone and Japan. Canada 
produced in 1104, 116,000 ounces of platinum and 84,000 
ounces of other platinum group metnhi, and appears io have 
passed the Russian output from the placer deposits of the 
Urals. 

The platinum minerals considered here are two: — 
Flement Native riatluutn, Pi- 

Arsenids ... ... Sperrylite, PtAs^. 

NATI\^ PIJVTINirM. 

CoKPr—Piatiilitm, alloyed with iron, iridiuTTit osmium, 
gold, rhodium, palladium, and copper' in 21 analyses^ cited 
by Dana, ^Hc amount of platinum ranges from 4o to SG 
cent. 

CavsT, SvST. — Cubic. Com, Fqicm. — Crystals rare; 
usually found in grains and irrfcgialarly shaped lumps; a 
nugget fnund in ttie Ura!.^ iveighed Si pounds tmy- 
COLOUR.—White steel-g-rey. St peak. — W hite stcel-grcy. 
Lustre.— Metallic; opaque. Fract.— Hackly; ductile. 
H, — 4-4-5. Sp. Hr.-— 21-46, chemically pure- 

Tests.—^S ometimes exhibits magnetic polar itVii some 
Uraliau specimens being said to sttiract iron filings more 
powerfully than an ordinary magnet; the high spt^:ific 
gravity, the infusibility and insolubility of platinum serve to 
distinguish it from other minerals. 

OccupPENCE- — The occurrence of platinum has been sum- 
marlsed in the introduction to the platinum minerals above. 

SPERRY1.TTE. 

Comp, — PI slinum arsenide, I'tAs,. 

Crvst. Svst- — C uhic^, pyritohedral. Com. Form.— I n tiny 
cubes or large combinations of cube and octaJiedron. 
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Co LOUR,—1'm-wfi i te- —Black. Lostrji .—Metall Ic. 

U.—6-7. Sp, Gr,—10’6. 

OccurHE? fCE.—Jn the pjrrhotite deposits of Sudbur^^ 
Ontario, and in the Bushveld ngrlte in large crystalSi and in 
many detrital platinum deposits. 

Palladium. 

Palladium (Pd) occurs native Jn crude p[atiniiizi| and ui 
small quantities in cupriferous pvrilcs, especially lliose con¬ 
taining nickel and pyrrhotitc. It is a silver-white metal as 
bard, but not so dncijle, as platinum; it oxidises more 
readily than that metaL Its hardness is 4.5-5, specific 
gravity, il-3^13p and melting point, i,546"C- 

Palladlutn is much used in denial alloys, as a catalyser, 
for coating the surfaces of silver reflectors used in search¬ 
lights, etc., and in the construct inn of delicate graduated 
scales. 

The chief source of supply is the copper-nickel ore of 
Sudbury (see p* 500}, from vi^hose matte it is recoveted. 
The metal is also found with platinum in Br«ib 
E>onitngo, and the Urals, and usually contains iridiuni as 
well as platinum. 

Osmiam and IridiDm^ 

OvmlaiiL— Osmium (Os] Occurs native in crude platinum 
and in osmJridiumi an alloy with iridium described 
below. Osmium js a btuish-grey metal, ard has a 
specific gravity of 2^2-48. It is the heaviest of metals^ and 
fuses at EjSOO^C. ^^o reliable statistics arc available as to 
production. It Is of little coftimerdal Impaftance, and the 
supply IS in excess of the demand. 

IridiimL^ —Iridium (Ir) occurs native In crude platinum, and 
alloyed with osmium as osmiTidium or iridmmtiiei It is a 
steel-white metal p having a specific gravity of 22'4, and 
melting at about 2,2S0*C. Its chief source is from crude 
platinum. It.^ Consumption is increasmgi some SI,000 
ounces troy being used in the United States in 1934+ chJeAv 
in the dental industry. Its chief applications arc in the 
dental, electrical and jewellery trades^ 
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IridoaoiLnc^ OsDiridiuiiL 

fTrtM-fr —An allDj of iridimn and eamium in variitole ptoportiraES. 

Ci^iT. Stst.— rhoniboljad^aL Com, F&tu.—Cituafij m 
Koall, fattened firaiiw. Coioinr.—Tin-whitn ts flT«LEre^. Lwmw- 
— IdelaUic. H.^7. S?. Gl.—33. , . - - ij 

OcciMiSCE.—Both thia mitKraJ und iiidium OJt found ip ths 
wuhmEB til the Bmgere [Nw Snntb W*3ea|. SrMil, and m 

Canada I a tomidarable but varying production cumca from 
deposits £iofli Tasmanifis, and the Sudhntyj Ontario, iccm'en® ffoni 
platinnin r^ fina rles cunatitntc the main aonrcc. 

Rhodium. 

Bhodiom (RhJ cKscura in halive platinnin and in the pyrr^ti^^E 
<^res of Sudbury, Ontario- It is ■ wbiia metal, duetila and raalleaw 
at a ird hnat. It haa a spBCihc gravity of 13-1 ftod xudtfl at awut 
2,0(H1”C. It* chief moxcjc is crude platinunii in whirii it is aaid tn 
nist to the extent of 3 per ceoi, an the average. It has few applici- 
tionsg bill is used in tha manofacUtre of tbcrmal conplaSi for crucibl^^ 
and tho^ are pceribltitiEB. in the devaluDJnent o£ rhodinnt pSatingx 

Rotlieniuin. 

Blittumium (Ru) oocura native in crude platinum, itt the railing 
of which it is lecovered. It is a white hard and britdi: jae^ of * 
fpe^nfic gravity of l2-i It has few ar no industrial appHcatitniSw 


INDEX. 


rtUmhcrs in heavy type refer to the descripdon nf 
the TTiincraU 


Abbreviation^ 21^ 

Absoiplioiij 174 
At-tcHSDry Pbt-e:^^ 

Arid Radicles p Reaf tinns, 20 
Atzid Rock^ IM 
Acids^ 15 
Acid railirSe, 

Acmite, 33 d, 34 $ 

Acrdnollte, 345, 347, 

Acute Ibl 

Adinnlcp 373 
Adularia, 333 
^-Egirine, 533, 343 
^Eijgfrine-aLE^itr, 333, 344 
vBTiigmatitt’, ^2 
Aj^arlc Mineral^ 339 
Agate, 385 
A^I>]aiiicniLe, 109 
Aftilregate Polaribaticm, 187 
Aggregation, State of, 37 
AiabandjEe^ >180 
Alaba5ter,i 237 
Alabaster, Orientai, S59 
Alljertitej 329 
-Mbitr, 14$, m m 372 
Alblte-BnortliLu Series, 366 
Alexandrite^ 379 
Algerian Onyi, 3o9 
Alkali Ampkiholes, 345, 35l 
Alkali-felspars, 3S1 
AlkaU Lakesp 210, 220, SS3, 
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Aiknll PiTgxeneiTi 33fl, 343 
Allanile, 316, ^2, $8* 
Allophane, 412^ 415 
Alluvial Deposits, 305 
Almandlne, 36S, 30t 


AloiiteT 305 
AlitopiJte, 278 
AJttritioti, 107 
Alum, 308. 493 
AJutuixixle!, 307 
Al Lini inlinn Nlineral^i 
Aiuminlinn Sillmte^, 39T 
AJum Shales, 301, 303 
Alumstone, 335 
ATuntlaui, 305 

Alunlte. 222p 235, 32$, 253, 

Atimogene, 307 
Amiilgam, XativcT 
Ainulgams, 303 
AiTiatgam:, Sliver, 394 
Amai5on.^Epne, (M4 
Amber, 330p 339 
AmblvgoiiiLe, 2l3 
Amotbystt 333 

Amethyst, Origin tal. 303, 30 1 
AmJanthus, 343 
Ammon idborite, 444 
Anunnnium Aium, 444 
Ammfliimm Mmerpis^ 1-13 
Amarphous, 37 
AmgsUiv 340, 310 
AmphiboEe Family, 344 
Amphlgefte, 37fl 
AmygdaksT 195 
Amsgdalojds, 229 
Anoldte, 417 

AfiiilysifiTp 162 

Ajialyais, 17 
Anat^t 

Andalii^LEc, 307, 398 
Andesincp 866,. 373 
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Andesite* 107 
Andradite* 339* 

Aj]gle of ExtiriiLion. 1.72 

m. 431, 435, /iSa 
Angstrom unit* 1S7 
Anhydrite* 217, IBS 
Aniun, 130 
Anlsntmpism, 149 
Ankerite, 264 

Annabcrgite* 447, 003, 564 
Anorthitf', 345, 376 

Anorthocliksc, 361j 365 
Anthuphvlliie, 345, 340, 
Anthracite* 323, '?24, S25, 328 
Anthracdnitep 260 
Anti^oritep 410 
AntiinQiii^ Lead* 4>31, 450 
Antfmojiial Nkkcl, r=^2 
Antiinonite* 450, 451 p 453 
Ajit^ony Glqnce* 453 
AntiniDny ^finerals, 430 
Apatite* 368 
Aphrlte* ^59 
Aplitc, 196 
Apophyllite* 41Tp 42i 
Aquamarine* 276 
Aragonite^ 

Areoacecitis Rocks* 199 
Arendalito, 394 
Arfvedsonite, 3|5, 352 
Argentifproiis Galena. 241* 
43St 

Argentiferous Grev Copper 
Ore* 334 
Argentine* 35S 
Argent lie, 242, 244, 
Ar^ilattcni? Rocks, 109 
Arqueriip, S5>o 
Arsenical Nickel* 501 
Arsenlrat Pyrites* 449 
Arsenic Minrrx^l#, 443 
Arsenious Add* 446 
ArsenolSte* 44T, 448 
Arsenopynte* 449 
Asbestos* 34S 

.Mbestus* rnmmeftiiil, 340, 
352. 110 


Asbolan* 499 
Asboiitc* 479, 407, 499 
.Asb* 193 

Ai-pnragus Stone* 269 
Aspbaltp 327. 328 
Aspliuliuirin 328 
Asterisin, itV"! 

Vlacamitr, SlU 
Atom, fi, 10 
Atomic bonds, 129 
Atomic number, 13 
Atomic Weight, 9 
Atomic \WlgliEH I’nble, H 
Augitc, 333. 341 
Augite Serieii, :Kld, 341 
Autiiniie, 46-1, 107 
Aventurme Felspar, 363* 372 
Airentiiriue Quartz, 3B3 
■Axes. Cj^rstallographJc* 63 
Aiial Planes, 65 
Aijal Ratio, 64 
Aitinite* 424 
A^inite Type* 118 
Axes of Symmetry* 59 
Axis* OpEic* 160/ 170 
Azurite, 233 

BabblEbmoml; 431 
Balas-Rtiby^ 307 
Kanket* 206, 25'2 
Barite, 274 

Barium Minerals; 273 
Burkevikite, S52 
flaiTtes, 274 
Barges Type, llO 
Rarytotalcite, 274. US 
Basalt, 197 

Basaltic Hortib|4^ndc* 361 
Bases, 15 

Basic Griuiiulites* 202 
Basic Ruck.>^, 196 
B^isCke, 3-^, 410 
Bathos ith* 192 
Bauxiln, 3Q1, 36S 
Bt^ad Tests* 2S, 26 
Berke Effect, irid 
Bedding, 198 
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Bicf, ^9 

Beidellltc, 415 
EielJ.TTietnl, 237, 4S7 
BeJl Metal Ore* 439 
BcjltpaiLc:^ 414 
Bltv^ Un, 217, 2TB 
IkryIlium Mineralsp 377 
Beryl T5rpe, &3 
Beraelianke, 471 
Biniia] T^linerala, 179^ Ifil,. 
133 

Biotite, 354, 350 
Blrtfrmgence* 137 
BismitL, 450, 45T 
Bismuth GlaiiL-e, 457 
Bismutblnik^ «fiT 
Bismuth Minerals^ 155 
Biiimuth Oclire^ 45G, 45t 
Bi?muEitt, 450, 4ST 
Biltems^ 300, 3lT 
Biller Spar, 39*1 

320, 333, 327 

BituTTLinoEis L'oals* 3^ 333t 

32S 

BLarkband Imnatone, lOOt 
491 

Black Jstck, 28^ 

Blatk L«id, ^1 

Biack Oxide p 1 Cobaltii 490 

BlaE;k Sands^ ^ 

Black Ti;llurjum, 254, 255 
Blende. 2S4, SSS, 280. m 
Bloedile, 319 
Blpud Slone, 3S5 
BlowpIpCp IB 

RlinvTPitje AnalyserT IB 
Blowpij^ x^naljsis^ Tables, 
Blue Carbonate of Copperi 
23=i 

Blue-ground, 44, 331* 333 
BluEi-iitin Earth, 

Blue Jtdin, 370 
Blue Lead, 432 
Blue MtrioL 330 
Body-centred nilsic packiniji 
133 

Boghead CuflJ+ 


Bog Irufl Ore, 199 
Bohemiaii Garnet, 390 
Bole, 414 

Bologna Stone, 279 
Bone Beds* 36© 

Bono Turquoise, 309 
Boraclte^ 300 
Borates, 299, 297 
Borax, 297| m 300 
Borax a^ a Flux^ 22 
Boric Add* 

Bamitc, 331, 233, 239 
BoronaCrcK-aldte, 300 
Buron Mincxnla, 290 
Bnrt. 331 
Borti, 321 
Boss, 193 
Boulder^ 275 
Bournonite, 23S, 451 
Brass* 227, m 
Braunitei 479* #IT 
Brazilian Emerald* 405 
Dniriliaji Sapphire* 40$ 
Brecciaii 199 
Breitliaupijito* 50S 
Bnmstane* 471 
Brittle Micas* 407 
firittleneMi 43 
Brittle Stiver Ore, 34^ 
Brochantite, 237 
-Broggcrile, 409 
Bromides, 431 
Brtimine Minerals, 431 
BromlitCv 274, 270 
Bromyrite* 242* 248 
Bronze* 227* -137, 451 
Bronzite* 

Bnwkkc. 312 3:i3 
Brown Coal* 325 
Brown Hematite, ^89 
Brown SpEiCh 204 
BnidtCi 15p 281 
Buslamite* 480 
Bytownite* 300* 37-1 

Cadituum* 28Sp 291, 4.'J3 
Cadmium Minerals, 29l 
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Cairtigortn, 383 
Calacnlii^^ 2S0, iS90 
Calsvente^ 254, 

Calcareous Tula, 25S 
Caldte, 317, 2S7, 263, 251 
Caldte, stnirtiLrt oF, 137 
Calcite Type, 06 
Calcium Mlncmlfip 255 
Calc-«i]ii:ate HomfeU^ 

375, 4C14, 

425 

Calc Spar^ 257 
Cfllq Tufa, 109, 350 
CaUcbe, SIS 

Cokpmtn, 29B 

Campylite, 4^ 

Cjmainjtc, 375, 3T8 
Carinc] C-naT, St20 
Cape Rubv, 390 
Capillary t^yriEes^ ^02 
Carbonado, *321 
Carboiintc of Leitie:, 257 
CnrE>otiAtcS| 320 
rarhnni-r A^id, 15, 320 
Carbon AHilerats^ 310 
i-'m/hum-lc, 

CamollEte. 217, 222, 224, 225 
Camelian, 365 
Carn+^titp. 141, 465, 4=8 
CassiterLte, 426, 428 
Cart Iron, 463 
Cation^ 1;^ 

Cat ^ Eve. ,5,52, tm 

Caulk, 275 

Cdestine* 272 

Cfbian, 274 ^ 360, 3$1 

Cement 261 

Centre of SymTrretrv* 60 

Cerargjtltc," 242, 245. 295 

CerKinc^ 329 

Ctrium MineralFi^ 3tfi 

Ctruse^ 434 

Ci-rtassite^ 430, 43L 434 
CervirnEiti', Ink 4S3 
Chal>Ji;cite, 417, 411 
Ch43lcanEliite, 236 
Cha Ifedofiin Silica., 334 


Chalcedony,, 3Blp 305 
Lliuicocile, 227. 232, 218 
ChaFf'Ofjvritf!, 227. 230. 3-l;3. 

ChakotriEdilte, 230 
CTrinlk, S50, 2G1 
ChillV bile, 264, 490 

Cliamoaite, 4S3 
Change of Qjlfnir^ S3 
Cherts 200, 380 
Chessylile, 238 
Clhia-itQlite, 390 
Chile SaJEpetri!^ 218 
Chilled Ed^*-n, 105 
China Clay, 4L2 
Chloanthitn^ U7. 111*. 502 
Chiornnatife, 2^ 

Chlorides, 431 
Chlnfinp Minerals, 480 
Chlorite ^ S59 
Chiprite Family, 353 
Chldritold, 107 ^ 

Chrome Dir^sidc^ 340 ^ 

Chroitie Tran Ore, 45Q 
Chromic Imn, JftS 
Ghramite^ 458 
Chromium Minerals, 453 
Chrysnber^'J^ 377, STB 
t'hrvM^nlla, 239 
Chrysolite, 33-1 
Chrysoprasfr^ 385 
Chrysolhet 410 
Cinnnharj 293, 294, 29S. 295. 

449 

Cinnamon Stonc^ 390 
Classic cation of Cr>" 5 ital 5 , 88 
ClasBlhcatipn of Minerals, 211 
C!as3i5ration of .Sillealrs^ 3JW 
Clausthalite, 471 
Glny, 109, S31, 412 

Clay Ironstone, 199, 490 
Cinvstatc P^eedleSt 312 
Cleavage^ 42, 146, im 
Cleavriandite^ 373 
Cleiaite, 466 
Clirtcieh1ore+ 3o9 
Clmoclase^ 241 




Cllnoenstadle, 341 
ClInniszoislLCv ^2^ 3^ 
rualfi, 5!00, Am. 3^3 
Cobalt BlOOEti. mii M8 
Cob^t iMdicstar^i 4tfT 
Cobaltitij:* 440, 407, *93 
O^balt M.Lnerabit 40^i 
CoccoliEe^ 340 
Cock^coinb Bairv'trs, 275 
Cdck^cotiib PynteSt 403 
Colematiitfri ^7, 30S. ^99 
Colophonlce, 391 
Ccilooir of -Mincrafs, 32 
Coliiinb] te, 442 
ColiimbiiifTi MineralsH 442 
Common Salt, 210 
CompfmsalJonp I’tTJ 
CompD^jitiori Plaiie, 122 
Compound^I 7 
Cone-in-cont', 491 
Confiiomeratftp 195 
Contfift-nti? tamorphistii, 201 h 

2m 

Convergent Ligfiti 170 
CcM3fdin;illon, li¥^ 

CopaOte, 330 
CopperiLi, 493, 49* 

Copper Gliince, 2^2 
Copper MattEj 226 
Copper Minr-nils^ 226 
Copper Nickelt 301 
Copper Pyrites, 2*30^ 

Copper Cranite* 4+J7 
Copper Vitriolp 236 
'"utrrolite, 209 
CordierilP, 406 
Comndurit, 302, 393 

f'n.^ssTTitt, 316* 352 
Cotkntry-^rock, 192 
Co-valent boiiil, 12, 129 
Ccivclllt*;^ 232 
CrlL^toballli, 3^ 

Cnticfll Angle, l!i3 
CnjcidoUtei 3^0, 352 
Crocolse, 439 
Cfocoistte, 439 
CrocoUe, 430 


5^1 

Cromfordlitfj 43^1 

Croised Nicols, 104 
Cmssite, 3a2 
Cross-stone, 420 
Cryolite, 3Q1, 308 
CrypUjperthrte, 366 
Giystal AggregatesH 120 
Coastal Classification^ ^ 
Cry'stnl Combini’jjon* ^ 
Crystal Edges, _Sa 
Crystal FaLC-s,- •>! 

QryBlal Form in SeL-tion, Ido 
Crystal Fomiss, 54 
CryataJlographie Axes, 63, 64 
CrysrtaHograpbie and CltLi- 
metrlcai Syromotry, 61 
Co'SEallG^raphic Notation, fld 
CrystflllDgnipliy, off 
CrystolSj 53 
Cr^al Symmebry, ^ 

Crystal Sy^icicas^ 69 
CiTsial 63 

Cnbic close-jjaeking, 132 
Cubic System, 70 
Cummingtdnite, 34^t 
Gummingtcynite - Grunerit* 
Scries, 346, 3*H 
Cupritoi 230 
CyanitcT 397, *D1 
Cyanoslte, 336 

Daiate^ 137 
Damaurite, 355 
Dark lied Silver Ore, 246. 
DemantokJ, 392 
Derbysl'kire Spart 276^ 

Detrital Depo^it-H^ 205 
DLallogB. M2 
Dialofiilet 476+ *7^ 

Diamond^ 319, 329 

niaminuL J^rrut-fure id* 136 
Diaspore, 305 

Distomaceous Eanh, t^7 
Difllnmite, 200. 

Dicbroism, 17 
Djrbroiscope, }7o 
Dicbmite, *06 

Dlcklt^ 412, 416 
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5 H 

DiffbiEiarh 4^ 

Dltnorphlsm, 

Dlup^ds, 33B 
Dlopside-Heilcnber^tc Sc/lita, 
133a, o^a 
Dloptusi^ 240 
Dioritq, 107, 

Di<>nti3-porphyr>\ 107 
Djpyne, 423 

DIsfoonLion - TnetamDrphbm, 
201 

Dlspcrslcan, lo3 
Dl^thene, 401 
l>ufc;-4ontJi Spnr, 207, 258 
Doleritet 107 

DolamirF^p im, 217. 2iS3, 230 
Dor^ Sih'icr, 241 
Doub^ Refraction, 15H 
Dunitfr^ 1S7, 335 
Dyke, 192 

Earthy Cobalt, 470, 49B 
Ednnite> 331 
Efiyptmn Jasper, 330 
Elastic Bitumen, 3S9 
Elastidty, 42 
Elatenlt, 323 
Elocttic Calnmint, 290 
Ekctncity in fnjneraJs, 51 
Eloi’tra nm^deiic Separation, 
oO 

EEcciroiiH* lO 

Etectrnstntir Sf-imreLion, 51 
EkrtTOvaTcrtcy, 12 

ETcctrtidi, !S1 

EJementft, 7, 13 
Elements. Table of, 11 
Eleolito, 377, 378 
Elmore Process, 44 
ElOn^atlan, Sign nf, ITQ, lug 
Embolite, 24-S 
Emenild, 2F3 
Emerald Copper, 2-10 
Emerald Nickel, 303 
Emer^, dD4 

Enar^lte, 234, 135, 44fl 
EndelliOiiTte, 33fl 


EtiHcfiTTient^ Setondnnf, 20B 
Enstntite, 336, 037 

Epidote, 302, 

Epldote Family, 3B2 
Epidosite, 394 
EpEmmitc, 219, 7A3 

Epaoin Salts, 2t^i 
Embescite, 237, 231, 133 
Erythrite, 447, 4tW 
Etch Qiarks, f52, 82 
Estinctfqn^ IGT 
Extinction Angfe, 173 
Extraordinary Rsq\ JGD 
Extrusive Rocks, 192 

Fablerz, 334 

Famartnite, 234, 23S. 451 
Fay^alite, 334, ^335 
Feather Ore, 4^ 

Feel of Minerals, 37 
Felspar Family, 332. 3GD 
Felspalhoid Family, 332, STS 
Ferberite, 463, 464 
Ferrimolybdiic, 401 
Ferrofiiiite^ 357 
Femi^inous Dimrt? 363 
Fihrolite, 400 
FlsFiure Veins, 204 
Flames, Kinds of, 1& 

Flaiiie Test, 23 
Flexibrlitv, 42 
Flint, 200, 391. 380 
Flait Stnne, 337 
Flos Feni, 263 
Flotation Processes, 44 
Flowers of SqlphuTp-469 
Fluorapatitc, 263 
Fluoresccnre, 38 
FluoridiSs^ 431 
Fltiorine Minemk, 460 
Fluorite, 270 
Fluor-spar, 279 
Fltixcs, 23 
Foliation^ 201 

Fontainebleau Sandstone, "^10 
Form of Mioerals^ S7 
Formula, 9 




5^5 


FarmuliJ 10 

Forsttrllr^ 1334, 330 
Ftjwleritfi, 4fiD 
Fracture of Mmizrals^ 13 
Frafikluiste, m 281. m 

F PriiciLSSj 'lOO 

Freibergitc^ 234 
rmcslrbeiiitep 74T, 451 
Ffenc.li Chalk, 4WI 
Kuytr’s Earth, IJo 
FundsfnsiUJLl Form, 35 
PujibULty, 50 

GabhrOt 1ST 
Gahnhe, 307 

Guknn, 430, i31, 455. 

430 

GsLlpiid Type» 70 
Galmei, 200 
Gamet Family, 35B 
Gsrulcfitt, 457, aOO. BO* 
Gavki-isite. 220, 223 
G«lrite, 3*10 
Gentliite, 504 
Gcodea, 3S3 

Geological SystejitB, 20?^ 
German SHver, 264, 5tlC 
Geyserite, 3S7 
Gibbinbc* IS^ 308 
Gilbertiter 355 
GiliifMilte, 32s 
GlauhcrLtl?, 21 
Glaubtrr Salt, 319 
Glauconitci 4So 
rilnurnphanie^ 34 d+ 3fi1 
Gliding Planes, 44, 

Gn^l'is, 302 
Gold Amalgam, 233 
Gold Minerals, 2 ^. 

Gold Tellnndes, 249, 350. 

251, 253 
Goniotnitters, 55 
Gustaritc. 265, 29t 
Gossan, 205 
Goethite, 400 
Grahamite, 329 
Gt anile, 106 


Graitodiorhcj 
Graphic TellurmtHi 234 
Graphite. 319. EM. 321 
Graph lie, stmrture of, 130 
GrcenaJita, 4S3 
Green L^ad Ore, 43ii j 435 
Greerujcltite, 391, 2112 
Greentniicr, 395 
Green Vitnol, 434 
GrEisen^ 4^ 

Grey Antimony^ 

Grey Chpper, 334 
Grey Coppers, 333 
Grit, 190 

Grossnlar. KS, 380 
Groundmass, 195 
GcLinerite, 3l5, 346 
GuMio, 200, 360, 444 
Gum Copal, 330 

Gun^etol, 227, 437 
Gypsile, 207 
Gypsum, 217, 2E\ 266 
Gypsum Plaie. 169 
Gyi>sum+ Symmeiry oft 00 
Gypsum "Type, 114 

HahU of Crystals, 63 
Hair Pyrites, 502 
Halite, 210 
Halloa site, 412. 414 
Haiogen Minerals, 4S0 
HardnesH of M intrak, 40, 14j 
Hfurmotome, 417, 420 
Hatcbettine, 329 
Haughlanile, 357 
Haiisrrtarm ite, 476 
Hauyne, 375, 3T9 
llea^T liquids, 4ft 
Heavy Rralilues, 49 
Heavy Spar, 374 
Hedenbcrgite, JtSfl. 346 
HcKatrope. 30^ 

Hemiitite, 463, 467 
Hemihedrfll Fortits, 70 
HirmimorphiBm, lOl 
Hemiiuorphile. 265, 269, I9fl 
Hepatic Cinnabar, 295 
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Hercyiutc^ 

Neafiitc^ 247 

AisiFrcifaLfH 
12G ^ 

lleLiJiincIke^ 417, 419 
HtiaganiiJ -Sjsteni, 03 
Hexai^ciiiul close^psiL’kirtiT^ 
Hiddenjlfl^ 214 
Hl^h^atc Resin, m 
H^loticdnl Form, BO 
Hojn ojiift neous , 

121 

Tloinnpokr bundj 13, 159 
Hcimhl<f»do, 345, 34® 
Hamblencin Setjcs, 345, 349 
HnmbltindJte, ID7 

Horn L£Md, 41i 
HofH C>Ejick.Nih'pr, 299 
Horn Silver, 2 is 
flornibineT 38S 
Horfic-deah On% 233 
Hiibrtin-iteT 463, 1(U 
lIvndTith, 315 
Hyn] itf!, 3B7 
Hyi-ifriphanL% 3*10, 392 
HydrargjUilc, 85fl 
H yrim red Sfllcate* of Alu- 
mlrtliJTii, 4l2 

Hydrnted SilicalCH of Mag¬ 
nesium, 4D@ 

Hydratidn, 10 
I lydrcicarhons. 3SiO, 353 
llydrophant, 3B7 

fTydrdilitirmnl Ora Tleuosjts 
301 K- 1 

HydriotlirTTnnl lllti 

Hydrailndt^, 285, 5*9 
Hjpaby55.ll Rorle?. 706. 
Hypcrstbenc, 336, 33* 

Iceland Spnr, 258, 

Itfcicmse, 170, 403 
IgnecKis Rock?, Wl 
l^nenn^ Roc]«, ClassiOca- 
tiun^ 196 

Tlmuidte, 310, 313. 306 


Tlvailc^ 196 

ImTTieriion Merthtjd^ ]57 

impregnations, 

Inclusions, IBS 

Index SvHO'm of IMUIer, 65 

Tndlcatrix, 130 

Ifidici:^^ 64 

Indiix^lite, 4ft5 

JiitluTaired Talci 400 

Interfadiil Angle, 55^ 57 

Interferencte, 166 

Interfercncve Colotir, leS, 

InterfOT-nce Figure, 176, 103 

Infermediatje Kocfcs, 106 

iDtmiivt Rocks, 102 

lodates, 218, 162 

iodiiies, 482 

Iodine Minerals, 460 

rndvrltep 213, 248 

Itllte, 400 

tons, 12 

Tonic band, 12, 1M 

lunlc crystalE. 129, 13“r 

Irnic rndii, 135 
Indesrenre, M 
Trldium, 507 
Trldusmliie, 5tl6 
Erorr \llnenil»+ 482 
Imn Ores, 480 
Ircm PvTTfes, 491 
frregnlnr Aggregates^ 120 
IsennBp 318 
Jsagvres, 162 
I'^nmchnr System, 70 
rsomarphism, 18 
Tsolmpisfit, 1^9 

Jade* 31 r 
JflcTeite, 300. 044 
Jamesdnlte^, 451, 454 
Jargoon, 

Ja«»r, Oal, ^ 

JelTeraonile, 3i1 
Jet* 33tJ 

JaTlv'a Spring Kalnnce, 46 
KMinkt, 221^^ 22S 


INPEX 


KiilSnite^ 31 
Kaolin, 331. 412 
Kaolijiit^, 412 
Kataphoriffr, 3B2 
Kerargjrite, ^43 
Kdroitate^ 451. 

Kcrnitc^ 297, 199 
KiHdiPipphane, 31S 
Kidney Or^, 4S7, 4!i8 
KiB3elgu^l^^ 200^ 337 
Kieserire, 317, S!2 j^ 18^ 

Kimzile, 214 
KijDfcirniiLkpJ, 447. SOI 
Kupfersdbierer, 333^ 24l 
Kviiiiitep 307* *0l 


LabradontF, 336, S-TI 
Liaqrolitt* 192 
Lnnipadite, 479 
L^ln}iirf^l 237 
Lapis I-paJ-oli, 33<> 

Laumontitje, 417* 411 

Lnva-flow, 192 
Ldztirite, 376, 369 
Lend Glance, 4-^ 

LeadhiUjtef 435 
Lead Minerals* 430 
Lead Vitrol. 436 
Lcitmeicr^s Te^L 26^ 

Lemberg ^5 Test* 

Loptdolitc, m ^ 
Tvenidomelnne, 357 
T^iidte. 223, 301. 375, 376 
Leucpitene. 31 
Libethcftifc, 241 
Oevrite< 426 
light, Namrc of, 146 
IJiihl Red Silver Orp* 345. 
24d 

Li^nitet 323, 32 L 3^® 
Lime, 261 

Limestone, SOO, 261 
Lime Uranltn* 467 
limiting Fonn. 73 
Litnonite, 4S3, 449 
[Jnarite, 433 
Li niwlte, 496 


LliiuidSf Heavy, 43 
LiqnldSj Specific Cmvity oL 
47 ^ 

Liroconlte, 241 
iJtliium Mkai 356 
Lbhium MinerrLlii, 213 
Uthognipliic Slone, 200 
Litbcmnnrgep 413 
Liver Opal, 307 

Local MetamorphLni* 2^11 

Lode, 303 

Lustre ot Mlne/aUi 3*4 
Maclc, 399 

Magma* 191, 193, 196 
Magmatic Se^regaiion, 203 
IVtagne^iat Native* 261 
Magnr-sian Limir^tone, 264 
Magnesite, 2^0, SffilO, 282 

Magneeiunt M mcrala* 279 
Magnetic Irtin Or.', 4^ 
Magnetic Pyrltef^- 494 
Magnetism^ 50 
\ragnetite. 483, W 
Malachite. 227. 237 
Mainculire, 340 
MaldofifteT 251 
MnllKibnily* 41 
>JangaiiandaIasile, 399 
Manganese Brnnie. ^7 
Manganese MEnerjU, 471 
M an g a n i&se S pa r, 4 79 
MajiganUc* 476, 471 
MajJE]oitc, 340 
MnrbiL% 202, 230, !^1 
Manraiiite, 493 
Mariidite. 433 
Mnrtite* Ar%^ 

Masragnilep 443, W 
230 

Mcasyrcment nf Cr^itni 
Angles, 55 

M^eerachaimi* 406. 411 
^i eigen k Test* 262 
^ieionitP, |23 
MpTnrtFMile, 230 2-T3 
Melnnlle* ^^1 
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3*'^ 

rente ^ 

Mellllte, 40S 
Mciiatttitilti^, 313 
Mcnilitc, 3ar 
Memtrv ^Imeriy^, 

417, 419 

i\tti!t£Llg ar>d 13 

Metallic bond, 131 
Metamarphk Aureylt^ 202 
Metamorpbfcc 
2QG 

Metamiirpblc RockSt Idl^ 201 
Metamorphlsm, 200 
MeiasotaiaLiETTit ^1 
Mcttforic Imn, 433 
Micaoeous FJemotIte, 407 
Miea, 334 , 393 
Mlria Family, 353 
Mica PIntet 139 
MlGroclsertiical Tfefts, 190 
MlLTOclme, 3S1, m 
Mlcrocasinii’ S^tltr as a Flui, 
23 

MlrjDjwrtfiUe, 363 
MicrosEope^ 103 
MicroscQptf M<;tal]ographk, 
109 

MminirR, 334 
Mllkv Qnarl2, 383 
VTilleVite, 502 
MiOer'ij N’otatSoii, 6 S 
MliTtctite, 437, 43fl, 447 
^HnerBl Deposits^ 2G£ 

Mineral CdOutEihotir, 329 
Mineral Di?firiition of, 2 
Mineral Kingdom, 1 
Mineral OIL 327 

Mineral Pttdi, 320 
Minium, 434r 
^!^r^llbH^te, 213, 319 
Mispkkel, 4-iO^ 449 
M Qcha S ^^5 
MdJwrular Weight, 9 
Molemle, 9 
Mciybdenn^ .|31 
MotybJenIte, 459, 4G0, 491 
MnlylKlffrmm Mintralji, isp 


?frolvbdk Ociire, 1 61 
Molybdite^ 4^0^ 461 
MonazItF?, 317 
^lonazlte Fanils, 310 
Mond l*roeeK*i; 

Monel Alemlp 337, 499 
MoncKrlmic Ampbihuiiesp 345, 
34G 

MI mi-ii-liinic Pvraxenes, 3^30, 
339 

Moni^ciinie System^ 113 
Montfnoriilonite, 02, 414 
Mcnmstone, 333, 383, 373 
^lorenG^ite, 304 
MorrCMi, 303 
Mds 3 Agate, 305 
Mol tram! le, 441 
Mniintaln Cork^ 349 
Mountain Leather, 340 
Mountum W^nod, 349 
Mudatnnep 199 
MalliLe, 390, 492 
Mundlc, 491 
Mtirchiijoniie, 303 
MurLaeStOT 
Mii?^EnvIte, 353i SSi 
Mugcovile, ^rtmeture of, 144 
Muscovy Glass, 354 

Nagyngitep 254, 3S5 
Nacrite, 412, 113 
Naii-hrend Spar» ?o7, 258 
Naphtha, 327 
Native Amalgam* 394 
Native Antimony, 451, 4£1 
Native Arsenic, Hfl, 448 
Native Bismuth, 455, 456 
Native Borie Adi, 299 
Native Copper, 227, 22S, 229 
Native Gd\iU 319, 250, 251 
KatUe Tron,^ 494, 495 
NaLfVfl Magnesia, 2@1 
Native 5fercury% 394 
Native Platinum, 505, 900 
Natrve SrfvcT, 212, 249 
Native Sulphur, 4^0, 410 
Native TelEuritim, 47%. 473 
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^ Zmr, 21^ 

NaLroburi^L'ididLe, r-iCM) 

NaSrolilu, HI, 4ia 

Sainiii, 21t>^ ^0, i21 
x\'^uni-unniE€p Hi 
N«4Jc, IWA 
NekaiilLr, 3it 
NcpbcHne, SIJ, 377 
Nephrite, ^14^ 

Newlutia 

Nkcylite, 441, SOI 

Nickel lTltH3iii, =iUO, TjHI, jCH, 

6M 

Nickel Bronxe, ^ 
NickclfrcnjLib J'yrrhotiiiA, 1^4 
Nicked IndicHtur^r 
Nickel Pyrites, TthJ 
Nitkei ^Silver, 221 
Nkkei Steel, ^ 

NH:bL4 riAlIl, 504 

Nicol Prism, 161 
Niobll^, 442 
Mabiuni, 442 

Nitrate dI Pupjirii, 216^ 222, 
226 

Nitrate of Sodn, 2IB 
NiLmtes, 443 
Nitrutine, 318 
Nitre, 2m. 332. 226 

Nitrii^n MiTit-jHls, llii 
Norite, l&i 
No^hji, 3^^ 

Npselite, tm 

Notation, Convein'n3ittj in, 6? 

Nounieit^ 5tM 
Nutleus (of aUiiu], Hi 

Ohi^idiae, IM, m 
Obt uM BisectrU^r lb I 
OLcurncnce uf Xiinerals, PJl 
Oi hres, 4B3, 

OctahetlrUe, 312 
Oiloniirlile, 303 - 
Uiiuitr of MinuraJ^, IK 
36G, 373 
t.M]v<:-n]U% 341, 1-47 
Ullvine, 334 


Clilvjik-H'nriviJy ^ 334 

Onyx, 336 
Oolite, 200 

OuliLk: 1 rujiiiW[U'?, lUI 

Opal, 331, m, 3i6 
Upalesicence^ iU 
OphJcaldte, 410 
Optical Prdpertl^, 143 
Optical EILIpsQtd, J72 
OptlcnJ Orieatatiun, 112 
Optical Sign, 161, HO, ill 
Optic x4ses., 160 t its 
Opiic Aji\&\ An^k, 161 
Optk A::Lial Plane ^ IBl 
Optic N'ormalj IBl 
tJrangUe, 319 
Oniiii^T^ Ray, ili® 
Oie-deposits, llxi. 20;tr 
OrScntuI AJnbasltTT, 2titP 
t'frienlHl Afnethvatp 303^ ;KI L 
Oriental Emerald, 308, 30i 
OrieiitiU I'cipFw, 303, 304 
Orpiinejitt 44S, 446 
OtLhitCp 816, ^2, 39S 
OrtliQcIa:^-, 111, I2"t, 144. 
360, 301, 363 

OrthomajittTt^tlc 105 

I .J r t harhombic Amplif hi 1 U ■, 

345^ 34G 

Urlhorhrunblc PvmxcHcs, 330, 
337 

Or tlmrtititnbic Sj-^tL^ni, 1D8 
O^dkalnr plates, ^ 
O^mirrOKuni, 503 - 
OsniJiJiii^ 507 
Oitecilltei 

Outline of Minerak, 
OxidniJan, IT, 

Oxid^ 13 
Oitidijnn£ Flame, ly 
OzDl^edte, 32T| 3^ 

Pnlliiili Lijii, 307 
p£ij]dt!rEuktt, 3UU 
ParapToriite, 053. 356 
Parallel Gtowtlis, I2Z 
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ranimctef (jf Wciss-i 

m 

PujiiitiL^Lral Korni^ 63 

Pari^aijilEp it&l 
Farting, 44 
Fatronjti:, 441 
PuLacQi-k Ore, 33^ 

Pea Iron Ore, 4&3 
PL-ardit, 'i47 
F'tjarl i>par, 20^, 3M 
Peat, 200, m\, 32S 
Pet toll te, 417, 422 
PtgniaUtCi IW 
Pegmatite Stage, ItK} 
Pegniatitle OreHJepo&lLs, 2tl3 
Penuidlc, 2^ 

Penninite, ^ 

PedelasE, 291 
rerkllfift, 3T2 
Piiridotp 333, 33# 

Peridol of Gedoii, 405 
JVrftJutili-, 197, :iSS,1 
Periodic CLi^yii.-iilioo, J3 
Penodii. Lm\ 13 
Pcristcrite, 372 
Pentlniiditk, 503 
Percussioji Figurcp 350 
PerUiite, 366 
Petal Etc, 313 
Petroleum, 320^ 3!i7 
248, 35k 

Pettier, 437. 131, 450 
PhacoSile, 421 
Phase, 149 
J^henocryst* 195 
Phillipsile, 417+ 420 
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